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INTRODUCTION 


The  egg  of  the  domestic  fowl  contains  all  the  essentials  necessary  for 
the  development  of  a  chick  embryo.  Eggs  rank  with  milk  as  a  general  source 
of  essential  food  elements  for  growth  and  maintenance  of  health  in  the  human 
body.  Nature  has  so  completely  balanced  the  food  nutrients  in  the  egg  that 
it  is  almost  a  perfect  food  for  man.  The  protein  of  eggs  contains  a  great 
number  of  amino  acids  that  are  so  essential  to  a  complete  diet.  Eggs  are 
rich  in  iron  and  phosphorus,  and  fairly  rich  in  riboflavin  and  vitamin  A» 
They  are  a  good  source  of  calcium,  a  mineral  required  for  normal  bone  and 
tooth  formation.  Since  eggs  contain  so  many  essential  nutrients,  eggs  should 
be  included  in  the  daily  diet  and  will  provide  a  considerable  portion  of  the 
protein,  vitamin  and  mineral  requirements  of  the  body.  Low  in  calories  and 
easily  digested,  eggs  are  an  excellent  food  for  all  ages  (Parnell,  1957). 
Besides  these,  eggs  have  many  uses,  are  easy  to  prepare,  and  are  liked  by 
most  people.  As  a  result,  the  egg  becomes  an  important  and  economic  food  in 
human  nutrition. 

The  initial  quality  of  an  egg  can  be  affected  by  many  factors  such  as 
environmental  conditions,  management,  feeds,  breeds,  diseases,  the  condition 
of  the  hen,  and  others.  Blood  and  meat  spots  in  eggs  result  from  an  abnormal 
function  of  the  oviduct  of  the  hen  or  from  an  unbalanced  ration.  Diseases 
like  Newcastle  disease  and  infectious  bronchitis  will  cause  abnormal  shell 
quality  and  poor  interior  quality.  Poor  shells,  will  result  if  calcium  is  de- 
ficient in  the  ration.  Different  breeds  lay  different  quality  eggs  because 
of  different  genetic  make-up.  This  initial  quality  of  an  egg  can  be  improved 
if  these  factors  can  be  properly  handled. 

The  interior  quality  of  an  egg  is  at  its  maximum  at  the  time  it  is  laid. 


The  quality  can  not  be  improved  and  deterioration  begins  immediately.  Dete- 
rioration can  be  affected  by  many  factors  such  as  temperature,  humidity,  time 
and  improper  handling.  Eggs  are  among  the  most  delicate  and  perishable  food 
products,  are  subject  to  rapid  deterioration,  and  are  easily  affected  by  unfa- 
vorable surroundings.  The  most  important  part  of  this  nutritive  food  is  that 
it  is  very  unstable  and  subject  to  very  rapid  quality  decline  under  the  influ- 
ence of  various  factors  of  which  temperature,  time  and  humidity  are  the  most 
important . 

In  food  value,  the  quality  of  a  market  egg  is  high  and  is  not  greatly 
affected  by  a  decline  in  market  quality.  Flavor  and  general  attractiveness 
are  better  when  first  laid  than  at  any  later  time.  Low  egg  quality  means  low 
return  per  dozen  because  the  functional  and  esthetic  values  of  the  eggs  are 
low.  The  demand  for  high-quality  eggs  is  growing  and  is  likely  to  continue 
to  grow  for  some  time  to  come.  Because  consumers  are  relatively  quick  to 
discriminate  against  poor  eggs,  they  are  willing  to  pay  well  for  the  assur- 
ance of  being  able  to  secure  a  particular  grade  or  quality  of  eggs,  it  is 
important  not  only  that  the  right  kinds  of  eggs  be  produced,  but  that  they  be 
so  handled  as  to  reach  the  consumer  with  least  possible  loss  of  their  original 
quality.  Therefore,  maintaining  as  high  a  quality  of  market  eggs  as  possible 
is  always  welcomed  by  consumers. 

The  purpose  of  this  report  is  to  review  the  literature  concerning  factors 
affecting  egg  quality.  Some  factors  affecting  quality  of  eggs  can  be  controlled 
by  proper  handling;  others  can  not.  More  experiments  are  needed  to  solve  all 
the  problems  involved  in  the  marketing  of  shell  eggs. 


DEFINITION  OF  EGG  QUALITY 

Quality  may  be  defined  as  the  inherent  properties  of  a  product  which  de- 
termine its  degree  of  excellence.  Those  conditions  and  characteristics  which 
consumers  want  and  for  which  they  are  willing  to  pay  are  in  a  broad  sense 
factors  of  quality.  The  quality  of  an  egg  is  determined  by  comparing  a  num- 
ber of  factors.  However,  the  relative  merit  of  one  factor  alone  may  determine 
the  quality  score  of  the  egg  in  as  much  as  the  final  quality  score  can  be  no 
higher  than  the  lowest  score  given  to  any  one  of  the  quality  factors. 

Standards  of  quality  have  been  developed  as  a  means  of  classifying  indivi- 
dual eggs  according  to  various  groups  of  conditions  and  characteristics  that 
experience  and  research  have  shown  to  be  wanted  by  consumers  and  for  which  they 
are  vailing  to  pay.  Grades  differ  from  standards  in  that  they  provide  toler- 
ances for  individual  eggs  within  a  lot  to  be  of  lower  quality  than  the  grade 
name  indicates. 

Quality  factors  may  be  divided  into  two  general  groups:  exterior  quality 
factors,  apparent  from  external  observation;  and  interior  quality  factors  which 
involve  the  contents  of  the  shell. 

Exterior  Quality  Factors 

Size.  Egg  size  is  determined  by  the  weight  because  it  measures  the  quan- 
tity received  by  the  buyer.  The  size  of  individual  eggs  is  established  by 
regulations  and  is  expressed  in  ounces  per  dozen  (Table  1).  Uniformity  in  size 
of  individual  eggs  used  in  dozen  or  case  lots  is  important.  Variance  of  such 
eggs  should  not  exceed  3  ounces  per  dozen. 

Shape,  it  is  difficult  to  describe  the  ideal  shape  of  an  egg.  The  normal 
egg  has  an  oval  shape  with  one  end  larger  than  the  other,  and  it  tapers  toward 


Table  1.  U.  S.  weight  classes  for  consumer  grades  of  shell  eggs. 


Minimum 

net 

Minimum  net 

1 

Size  or 
weight  class 

weight  (ounces) 
per  dozen 

weight  (pounds) 
per  30  dozen 

Jumbo 

30 

56 

Extra  Large 

27 

50.5 

Large 

24 

45 

Medium 

21 

39.5 

Small 

18 

34 

Peewee 

15 

28 

the  smaller  end.  Eggs  that  are  unusual  in  shape,  such  as  those  having 
ridges,  rough  areas,  or  thin  spots,  are  placed  in  the  lower  grades  (Table  2). 

Soundness  of  Shell.  A  sound-shelled  egg  is  one  whose  shell  is  unbroken. 
The  shell  may  be  unbroken  or  broken  in  varying  degrees.  Shells  with  thin 
spots  should  be  judged  in  grading  according  to  protective  strength.  Some 
shells  may  contain  hairline  checks  that  are  visible  only  before  the  candling 
light.  These  blind  checks,  and  other  checks,  may  also  be  detected  by  belling. 

Cleanliness  of  Shell.  A  clean  shell  is  one  that  is  free  from  foreign 
material  and  from  stains  or  dis colorations  that  are  readily  visible.  Grade 
regulations  require  the  shell  to  be  clean  in  "AA"  and  "A"  qualities.  Slight 
stain  is  allowed  in  "B"  quality j  when  the  stain  is  localized,  approximately 
1/32  of  the  shell  surface  may  be  slightly  stained,  and  when  the  slightly 
stained  areas  are  scattered,  approximately  1/16  of  the  shell  surface  may  be 
slightly  stained.  Prominent  stains  are  classed  as  dirty  (Table  2). 

Shell  Color.  Shell  color  does  not  affect  the  quality  of  eggs.  The  color 
of  shell  is  an  inherited  character.  It  is  important  in  marketing  because  cer- 
tain markets  pay  higher  prices  for  white  eggsj  others  prefer  brown  eggs. 


Table  2.  Summary  of  U.S.  Standards  for  Consumer  Grades  of  individual 
Shell  Eggs 


Quality 
Factor 


AA 
Quality 


A 
Quality 


B 

Quality 


Shell 


Clean 

Unbroken 

Practically 

normal 


Clean 

Unbroken 

Practically 

normal 


3/16  or 

less  in  depth 

Practically 
regular 


Clean;  to  very 

slightly  stained. 

Unbroken 

May  be  slightly 

abnormal 


3/8  incb  or  less 
in  depth 

May  be  free  but 
not  bubbly  


Air  Cell 


1/8  inch  or 
less  in  depth 

Practically 
regular 


mate 


Clear 
Firm 


Clear 

May  be  rea- 
sonably firm 


Clear 

May  be  slightly 
weak 


Yolic 


Outline  slightly 
defined 

Free  from 
defects 


Outline  may  be 
fairly  well 
defined 
Practically 
free  from 
defects  ■ 


Outline  may  be 
well  defined 

May  be  slightly 
enlarged  and 
flattened 

May  show  definite 
but  not  serious 
defects 


For  eggs  with  dirty  or  broken  shells,  the  standards  of  quality  provide 
the  following  three  additional  classifications; 


.... 

Dirty 

Check           Leaker 

Unbroken 
May  be  dirty 

Checked  or  cracked  Broken  so  contents 
but  not  leaking   are  leaking 

Interior  Quality  Factors 
The  U.  S.  Standards  for  consumer  grades  of  individual  shell  eggs  (Table  2) 
are  applicable  only  to  eggs  of  the  domesticated  chicken  that  are  in  the  shell. 
They  are  based  on  candled  appearance  and  take  into  consideration  the  size  of 
the  air  cell  and  the  condition  of  the  yolk  and  albumen.  As  of  August  1,  1963 
Grade  C  has  been  deleted  from  the  U.  S.  consumer  grades  of  shell  eggs  since 

this  grade  is  seldom  used. 

■ 

Abnormalities  in  Eggs 


Through  the  process  of  candling,  many  abnormalities  in  eggs  will  be  noted. 
They  are  grouped  below  according  to  their  acceptability  for  sale  as  shell  eggs. 

Acceptable. 

Double  Yolked  Eggs.  Two  yolks  dropped  into  the  oviduct  at  or  about  the 
same  time  result  in  double  yolked  eggs. 

Thin  Shelled  Eggs.  These  are  caused  by  deficiencies  in  the  diet,  environ- 
mental temperature,  condition  of  the  bird,  age  of  the  bird,  and/or  heredity. 
The  shell  must  be  sound  to  be  acceptable  in  market  channels. 

Acceptable  Depending  on  Degree  of  Abnormality. 

Off-Colored  Yolks.  The  composition  of  the  feed  affects  the  yolk  color  or 
off-color.  Grading  is  according  to  the  degree  of  off-color. 

Blood  Spots.  Blood  spots  are  caused  by  rupture  of  a  blood  vessel  in  the 
follicle  at  the  time  of  ovulation.  Small  blood  spots  may  be  placed  in  Grade 
C  (no  longer  a  consumer  grade).  Large  blood  spots  should  be  classified  as  loss. 

Meat  Spots.  They  are  caused  by  bits  of  tissue  being  sloughed  off  the 
oviduct  or  may  sometimes  be  the  result  of  blood  spots  which  have  lost  their 
bright  red  color.  Brown  shelled  eggs  have  more  tendency  to  have  colored  meat 
spots  than  do  white  shelled  eggs.  Eggs  containing  meat  spots  of  any  reasonable 


size  should  be  considered  as  loss. 

Out  of  Grade. 

Egg  Within  an  Egg.  The  rather  unusual  condition  of  an  egg  within  an  egg 
is  due  to  a  reversal  of  direction  of  passage  of  the  egg  by  the  ■wall  of  the  ovi- 
duct followed  by  enclosure  of  the  egg  in  another  shell  with  some  additional 
albumen  but  usually  not  a  second  yolk. 

Soft  Shelled  Eggs.  Prematurely  laid,  soft  shelled  eggs  may  be  due  to 
certain  diseases. 

Off -Flavored  Eggs.  Sometimes  feed  ingredients  will  affect  egg  flavor; 
the  egg  also  may  pick  up  off-flavors  from  storage  atmospheres. 

Inedible  or  Loss  Eggs . 

Stuck  Yolk.  Stuck  yolks  most  commonly  occur  in  stale  and  badly  shrunken 
eggs  when  the  yolk  has  been  in  one  position  for  a  long  time  in  contact  with  the 
shell.  The  yolk  membrane  adheres  to  the  shell  membrane,  preventing  the  yolk 
from  moving  freely  when  the  egg  is  twirled. 

Sour  Eggs.  This  is  a  form  of  deterioration  that  is  not  easily  detected 
before  the  candling  light.  The  white  appears  thin,  watery  and  frequently 
cloudy.  YJnen  broken,  such  eggs  have  a  distinctive  sour  odor. 

Black  Rot,  TJhite  Rot,  Mixed  Rot,  and  Moldy  Eggs.  These  loss  eggs  are  the 
result  of  microbial  deterioration. 


METHODS  OF  MEASUREMENT  OF  EGG  QUALITY 

Methods  of  Measurement  of  Interior  Egg  Quality 

It  is  widely  accepted  that  there  are  many  different  methods  which  can  be 
used  to  determine  interior  egg  quality.  The  most  commonly  used  ones,  past 
and  present,  are  herein  discussed. 
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I.  Candled  Quality;.  This  method  consists  of  holding  the  egg  before  a 
suitable  light  and  looking  at  the  illuminated  shell  to  determine  the  condition 
of  its  contents.  A  60  watt  bulb  is  generally  used.  Candling  quality  is  deter- 
mined on  the  basis  of  the  condition  of  shell,  air  cell,  albumen,  yolk  and  ab- 
normalities such  as  blood  spots,  meat  spots,  and  yolk  defects.  Candling  is 
not  an  infallible  method  for  measuring  interior  quality  because  of  the  human 
judgement  factor  and  the  necessity  of  estimating  the  opened  egg  condition  by 
colors,  lights  and  shadows  seen  through  the  shell.  A  major  problem  in  classi- 
fying eggs  into  various  quality  categories  is  the  lack  of  an  objective  means 

of  determining  differences  among  eggs  of  varying  interior  quality.  Candling 
is  the  primary  method  used  commercially  at  the  present  time. 

II.  Yolk  Measurement. 

A.  Yolk  Index.  The  first  yolk  index  method  was  developed  by  Sharp  and 
Powell  (1930) .  Procedure  for  this  method  is  to  remove  the  yolk  from  the  albu- 
men and  wait  5  minutes  for  the  yolk  to  spread.  Measure  its  height  and  width 
two  ways  at  right  angles;  then  the  yolk  index  is  obtained  by  dividing  the 
height  of  the  yolk  by  its  average  diameter.  Average  values  for  fresh  eggs 
usually  fall  between  0.42  and  0.40.  The  disadvantages  are;  (1)  it  is  time 
consuming,  and  (2)  the  separation  cannot  be  made  on  low  quality  eggs  without 
rupturing  the  yolk. 

The  method  of  Sharp  and  Powell  was  modified  by  Funk  (1948).  His  method 
involves  measuring  height  and  width  of  yolk  without  removing  it  from  the  albu- 
men, and  without  waiting  5  minutes.  Average  values  for  fresh  eggs  are  usually 
near  0.45.  Funk  compared  the  two  methods  and  suggested  that  the  value  deter- 
mined by  his  method  should  be  reduced  by  10$  for  comparison  with  values  deter- 
mined by  the  Sharp  and  Powell  method.  In  1951,  Sauter,  Stadelman,  Harns  and 
McLaren  compared  these  two  methods.  The  result  was  that  for  eggs  with  high 


interior  quality,  the  reduction  of  yolk  index  as  measured  by  Funk  should  be 
20$,  for  eggs  of  lower  interior  quality  about  \%  and  for  stale  eggs  the  10$ 
originally  suggested  should  be  used. 

B.  Yolk  Centering.  A  set  of  yolk  centering  scores  was  developed  by 
Lorenz  (1953)  and  each  egg  is  compared  with  this  set  of  scores.  Scoring 
ranges  are  from  one  through  ten  with  the  yolk  being  most  out  of  center  hav- 
ing a  score  of  ten.  These  scores  are  based  on  the  condition  of  the  broken 
out  egg;  centering  of  the  yolk  as  a  means  of  determining  candled  grade  has 
recently  been  deleted. 

C.  Yolk  Mottling.  Yolk  mottling  is  scored  by  a  rating  system  such  as 
the  one  developed  by  Baker,  Hill,  Van  Tienhoven  and  Bruckner  (1957).  This 
scoring  system  begins  with  one  for  no  mottling  and  progresses  through  ten 
for  severe  mottling. 

D.  Yolk  Color.  Yolk  color  is  currently  measured  by  spectrophotometric 
means  but  has  in  the  past  been  measured  by  comparison  with  standards. 

(1)  Color  Rotor.  Yolk  color  can  be  determined  by  the  Heiman  and 
Carver  (1935)  Color  Hotor  method.  The  egg  yolk  is  compared  to  a  series  of 
24  colors  ranging  from  almost  pure  white  to  brick  red. 

(2)  Fletcher  Yolk  Color  Standard.  This  standard  was  developed  by 
D.  A.  Fletcher,  a  Canadian  worker.  This  scale  is  comprised  of  15  concave 
colored  discs  with  handles.  These  15  standard  color  graduations  range  from 
light  yellow  (No.  1)  to  deep  orange  (Wo.  15).  In  Canada  the  Fletcher  yolk 
color  standard  replaces  the  somewhat  more  elaborate  American  produced  color 
rotor,  now  apparently  unavailable  (Snyder,  1961). 

(3)  NEPA  and  AOAC  Yolk  Color  Method.  Both  the  NEPA  and  AOAC  methods 
are  used  routinely  in  the  egg  products  industry  to  determine  yolk  color.  A 
NEPA  color  of  #4  of  #5  (dark  yolk)  is  desired  by  egg  breakers.  Both  methods 
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utilize  acetone  for  the  extraction  of  yolk  pigment  and  a  spectrophotometer  or 
photolometer  reading  to  determine  intensity. 

III.  Albumen  Measurement.  Of  the  methods  to  be  discussed,  Albumen  Score 
and  Haugh  Units  are  the  two  most  commonly  used  in  research  work.  Haugh  Units 
are  also  used  to  determine  quality  for  the  Fresh  Fancy  Quality  program. 

A.  Albumen  Score  (U.S.D.A.  chart).  Pictures  show  the  top  and  side  view 
of  twelve  eggs  of  different  quality  for  broken  put  egg  comparison.  Scores 

1,  2,  and  3  represent  the  appearance  of  high,  average,  and  low  Grade  AA  qual- 
ity. Scores  U,  5,   and  6  represent  the  appearance  of  eggs  of  high,  average, 
and  low  Grade  A  quality.  Scores  7,  8,  and  9  represent  the  appearance  of 
broken  out  eggs  of  high,  average,  and  low  Grade  B  quality.  Scores  10,  11, 
and  12  represent  the  appearance  of  high,  average  and  low  Grade  C  quality. 
This  method  is  more  rapid  than  Haugh  Unit  determinations  since  neither  the 
egg  weight  nor  the  albumen  height  need  be  taken  and  no  calculation  is  required. 
It  is,  however,  less  objective. 

B.  Albumen  Index.  With  the  use  of  outside  calipers,  the  two  widths  of 
the  thick  albumen  at  a  90°  angle  are  measured,  added  together,  and  divided  by 
two.  The  height  of  albumen  is  measured  and  divided  by  the  average  width  and 
the  albumen  index  thus  obtained.  Albumen  index  of  a  fresh  egg  is  usually 
0.09  to  1.20. 

C.  Diameter  of  Albumen. 

(1)  Thick  Albumen  Diameter.  With  the  use  of  outside  calipers,  the 
two  widths  of  the  thick  albumen  at  a  90°  angle  are  measured,  added  together, 
and  divided  by  two.  This  average  width  constitutes  the  thick  albumen  diameter. 

(2)  Thin  Albumen  Diameter.  The  same  procedure  described  for  thick 
albumen  is  used  in  determination  of  thin  albumen  diameter. 
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D.  Percentage  of  Albumen.  To  determine  percentage  of  albumen  portions, 
a  sieve  which  has  a  diameter  of  4  inches,  a  |  inch  raised  rim  and  a  mesh  of 

9  per  inch  was  constructed  by  Hoist  and  Almquist  (1931).  The  egg  is  broken 
into  a  petri  dish.  The  yolk  is  removed,  care  being  taken  to  separate  the 
yolk  and  leave  in  the  dish  any  adhering  white.  The  white  is  then  poured  into 
the  sieve.  The  portions  are  determined  as  follows. 

(1)  Percent  Outer  Thin  Albumen.  The  outer  thin  albumen  is  allowed 
to  pass  through  this  sieve  into  a  50  ml.  cylinder  for  a  period  of  6  minutes. 
This  volumetrically  measured  amount  constitutes  outer  thin  albumen  which  is 
then  computed  as  a  percent  of  total  albumen. 

(2)  Percent  Inner  Thin  Albumen.  The  additional  amount  of  albumen 
that  passes  through  the  sieve  in  2  additional  minutes  after  the  thick  albu- 
men membrane  is  punctured  in  several  places  constitutes  inner  thin  albumen. 

(3)  Percent  Thick  Albumen.  The  portion  of  albumen  that  will  not 
pass  through  the  sieve  in  8  minutes  constitutes  thick  albumen. 

(4)  Total  Percent  Thin  Albumen.  Inner  and  outer  thin  albumen  are 
combined  and  computed  as  total  percent  thin  of  total  albumen. 

This  method  can  be  used  as  a  measure  of  deterioration  in  storage 
experiments  but  is  a  very  time  consuming  operation. 

E.  Shape  of  Albumen.  The  shape  of  both  thick  and  thin  albumen  may 

be  considered  as  a  criteria.  The  shape  of  each  is  determined  by  developing 
a  scoring  system  which  ranges  from  one  through  five.  Each  egg  is  considered 
and  rated  according  to  the  amount  of  spreading  of  the  thin  or  thick  albumen. 

F.  Chalazae  Size.  A  dual  scoring  system  is  developed  to  determine 
chalazae  size.  This  scoring  system  ranges  from  one  through  six  for  quantity 
of  chalazae  present,  and  the  amount  of  chalazae  visible  over  the  yolk. 
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G.  Haugh  Units.  The  egg  is  weighed  to  the  nearest  gram  and  then  broken 
out  on  a  flat  surface.  The  height  of  the  thick  albumen  is  measured  with  a 
tripod  micrometer  as  described  by  Haugh  (1937).  The  interior  quality  calcu- 
lator developed  by  Brant,  Otte,  and  Morris  (1951)  is  used  to  determine  the 
Haugh  Units.  It  is  important  to  measure  the  albumen  height  immediately 
after  breaking.  A  delay  of  a  few  minutes  can  make  a  difference  in  the  Haugh 
Unit  reading.  Eggs  with  very  high  albumen  will  not  have  a  flat  surface  and 
in  such  cases  a  point  about  halfway  between  the  yolk  and  the  edge  of  the 
widest  expanse  of  thick  white  should  be  selected. 

In  1953,  Sauter,  Harns,  Stadelman  and  McLaren  compared  the  relationship 
of  candle  quality  of  eggs  to  other  quality  measurements.  The  result  was  that 
highly  significant  correlations  were  obtained  between  candled  quality  and 
albumen  index,  yolk  index,  yolk  color,  albumen  score  and  pH.  Besides  these, 
the  higher  the  quality  of  the  egg  as  determined  by  candling,  the  better  the 
cooked  product. 

In  1958,  Lesley  and  Stadelman  completed  a  "Measurements  of  Interior  Egg 
Quality"  study.  They  used  13  different  methods  of  determining  interior  qual- 
ity including:  Haugh  Units,  Thick  Albumen  Diameter,  Thin  Albumen  Diameter, 
Yolk  Index,  Chalazae  Size,  Yolk  Mottling,  Yolk  Centering,  Shape  of  Thin  Albu- 
men, Shape  of  Thick  Albumen,  Percent  Outer  Thin  Albumen,  percent  Inner  Thin 
Albumen,  Percent  Thick  Albumen,  and  Total  Percent  Thin  Albumen.  The  result 
was  that  Haugh  Unit  values  are  closely  related  to  thin  albumen  diameter,  yolk 
centering,  shape  of  thin  albumen,  shape  of  thick  albumen,  percent  outer  thin 
albumen,  percent  thick  albumen,  and  total  percent  thin  albumen.  Yolk  index, 
though  it  is  significantly  correlated  to  several  interior  quality  measure- 
ments, does  not  give  as  complete  a  picture  of  overall  egg  quality  as  do  Haugh 
Unit  values.  These  findings  are  in  agreement  with  Sharp  and  Powell  (1930), 
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who  found  that  the  height  of  the  thick  albumen  decreases  with  the  age  of  the 
egg  much  ir.ore  rapidly  than  yolk  index,  and  was  a  more  critical  means  of  qual- 
ity evaluation.  Thick  albumen  diameter  is  not  significantly  correlated  with 
the  yolk  index,  but  is  significantly  correlated  with  Haugh  Unit  value,  it  is 
not  a  practical  interior  quality  measurement  and  is  also  time  consuming. 
While  measurement  of  the  thin  albumen  is  time  consuming,  it  is  felt  that  this 
measurement  reflects  the  appearance  of  the  broken  out  egg  as  the  housewife 
sees  it  to  a  greater  degree  than  any  other  measurement  studied.  Because  of 
this  possibility  it  is  an  important  interior  quality  measurement,  percent 
thick  albumen  is  significantly  correlated  with  fewer  of  the  other  measure- 
ments than  any  of  the  measurements  taken  with  the  exception  of  chalazae  size 
and  yolk  mottling.  From  a  practical  standpoint,  percent  thick  albumen  is  not 
a  good  indicator  of  quality  as  normally  defined.  Yolk  mottling,  yolk  center- 
ing, chalazae  size,  and  percent  inner  thin  albumen  have  no  significant  cor- 
relation with  any  of  the  methods  used  in  this  study.  Since  these  factors 
were  not  significantly  correlated  with  other  measurements  and  yet  play  an 
important  role  in  consumer  acceptance  of  broken-out  egg  quality,  the  next 
step  might  be  to  make  a  consumer  survey  to  determine  which  factors  the  house- 
wife considers  most  important.  It  was  concluded  on  the  basis  of  this  work 
that  Haugh  Unit  values,  yolk  index,  and  thin  albumen  diameter  are  the  most 
practical  interior  quality  measurements  to  use  to  get  a  relatively  complete 
quality  description  of  a  normal  egg.  Haugh  Unit  values  are  significantly 
correlated  to  more  quality  measurements  than  any  other  measurement  studied. 
Haugh  Unit  values  are  significantly  correlated  with  8  of  the  13  methods  studied. 


Methods  of  Measurement  of  Exterior  Quality 


Shell  quality  is  an  important  factor  in  egg  quality  particularly 


in 
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relation  to  the  handling  and  transportation  of  eggs.  The  thickness  and  por- 
osity of  egg  shells  are  important  factors  in  maintaining  egg  quality.  Shell 
thickness  influences  breaking  strength  and  porosity  influences  the  passage  of 
gases  and  microorganism.  Shell  quality  can  be  measured  in  several  ways. 

I.  Porosity.  Attempts  have  been  made  to  determine  egg  permeability  with 
water  (Thunberg,  1902),  with  air  (Haines  and  Koran,  1939,  and  Bomanoff,  1940), 
and  dyes  (Weston  and  Hainan,  1927,  and  ALmquist  and  Hoist,  1931).  The  various 
methods  known  for  determining  egg  shell  permeability  are  either  too  time  con- 
suming, require  a  great  deal  of  equipment,  or  are  largely  dependent  upon  sub- 
jective evaluation  of  results.  Recently,  Fromm  (1959)  employed  spectrophoto- 
metric  studies  to  determine  shell  permeability.  This  technique  involves  the 
use  of  a  colorimetric  method  to  determine  shell  permeability  by  quantitatively  de- 
termining the  degree  of  dye  penetration  into  or  through  the  shell  of  the  egg. 
The  eggs  are  held  in  a  0.1&  methylene  blue  solution  in  absolute  methyl 
alcohol  for  60  seconds.  The  dye  on  the  surface  of  the  eggs  is  then  washed 
off  by  immersing  them  in  successive  containers  of  methyl  alcohol.  The  eggs 
are  air  dried,  the  contents  removed  and  the  shells  of  two  eggs  selected 
at  random  and  placed  in  a  mortar.  The  shells  are  then  comminuted  with  a 
pestle,  and  the  dye  lodged  within  the  shells  or  between  the  shell  membranes 
is  extracted  by  thoroughly  mixing  with  50  ml.  of  methyl  alcohol.  The 
alcoholic  dye  solution  is  then  decanted  into  a  centrifuge  tube  and  centri- 
fuged  at  1900  r.p.m.  for  5  minutes.  The  optical  density  of  the  supernatent 
liquid  in  the  centrifuge  tube  is  determined  with  a  spectrophotometer.  This 
technique  has  been  shown  to  be  effective  with  both  white  and  brown  shell 
eggs.  The  limitation  is  that  changes  of  egg  or  dye  solution  temperatures 
affected  the  degree  of  dye  penetration  into  the  eggs  and  the  procedure  is 
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extremely  tine  consuming. 

II .  Shell  thickness.  At  least  two  devices,  a  convex  anvil  micrometer 
and  a  thickness  measure  gauge  are  generally  used  for  measuring  shell  thick- 
ness. Both  instruments  are  calibrated  to  0.001  inch.  Thickness  measurements 
are  preferably  made  on  the  equatorial  region  of  the  egg.  Olsson  (1936) 
indicated  that  the  shell  thickness  coefficient  of  variability  is  least  in 
the  equatorial  region.  Welch  et.  al.  (I960)  in  their  studies  on  the  com- 
parison of  the  two  devices,  have  found  that  the  thickness  gauge  produces 

an  approximately  0.002  inch  higher  reading  than  the  micrometer.  However, 
the  thickness  gauge  is  commonly  used  in  measuring  shell  thickness.  For 
measuring  the  thickness  of  an  egg  shell  an  Ames  No.  25  paper  thickness 
gauge  is  probably  the  most  accurate  method  for  determining  shell  thickness. 
Shells  thinner  than  0.013  of  an  inch  are  poor  risks  in  market  channels 
(Brant  and  Shrader,  1952). 

III .  Specific  Gravity  Method  (Olsson,  1934) .  This  method  provides  a 
measure  of  shell  quality  without  injury  to  the  intact  egg,   whether  it  be 
used  for  hatching  or  goes  into  market  channels.  The  specific  gravity 
method  is  a  simple  floatation  procedure.  Eggs  are  dipped  into  brine 
solutions  having  a  range  of  specific  gravity  such  as  1.062  to  1.102  in 
intervals  of  0.004,  the  end  point  being  the  lowest  specific  gravity  in 
which  the  egg  floats.  The  higher  the  specific  gravity  in  which  an  egg 
floats,  the , better  is  its  shell  quality. 

The  use  of  specific  gravity  as  in  index  of  egg  shell  quality  is  found 
to  have  some  advantages  and  some  disadvantages.  Measurement  of  shell 
quality  by  specific  gravity  leaves  the  egg  intact  for  further  use.  To 
measure  shell  thickness  or  shell  weight  the  egg  must  be  opened.  However, 
it  is  questionable  whether  specific  gravity  is  as  accurate  a  measurement 
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as  is  shell  weight  or  shell  thickness.  A  change  in  temperature  of  several 
degrees  in  either  the  egg  or  the  salt  solution  vail  change  the  specific 
gravity  reading  for  a  particular  egg.  The  shape  of  the  egg  also  has  some 
influence  on  specific  gravity. 

VJhen  eggs  are  transferred  from  one  salt  solution  to  another,  even 
though  they  are  rinsed  before  they  are  dipped  in  the  second  solution, 
water  on  the  shell  dilutes  the  next  solution.  A  large  number  of  eggs 
dipped  in  a  small  volume  of  salt  solution  could  change  the  specific  gravity 
of  the  solution  appreciably. 

IV.  shell  strength.  Several  devices  have  been  designed  and  various 
methods  adapted  to  measure  egg  shell  quality.  In  the  majority  of  cases 
the  methods  have  been  too  cumbersome  and  complex  for  practical  use  and  have 
shown  far  greater  variation  than  warrants  their  general  application.  When 
the  methods  require  breaking  of  the  shell,  they  obviously  have  practical 
limitations. 

Romanoff  (1929),  Swenson  and  James  (1932),  Almquist  and  Burmester 
(1934),  Stewart  (1936),  Stuart  and  Hart  (1938)  applied  either  a  downward 
or  a  sideways  force  or  pressure  as  a  means  of  measuring  shell  strength 
and  corrected  their  results  with  shell  thickness.  Lund  et»al.  (1938) 
devised  an  apparatus  for  measuring  the  resistance  of  an  egg  to  crushing 
and  its  shell  to  puncturing.  Tully  and  Jranke  (1932)  introduced  a  punc- 
turing method  which  had  the  advantage  over  other  methods  that  an  egg   could 
be  tested  repeatedly.  Cheney  and  Maclntyre  (1947)  used  a  modified  punc- 
turing method  involving  a  penetrometer  with  which  a  correlation  in  most 
samples  of  approximately  0.80  was  obtained  between  shell  thickness  and 
puncture  resistance. 

Kennard  (1945)  applied  a  shock  test  to  duplicate  conditions  encountered 
in  handling  and  transportation  as  a  measure  of  shell  quality.  Novikoff 
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and  Gutteridge  (1949)  used  a  direct  dropping  means  of  measuring  shell  strength. 
A  device  described  by  Llehring  (1949)  seems  to  have  given  satisfactory  results 
for  measuring  the  strength  of  egg  shells.  The  apparatus  is  simple,  constructed 
of  wood  and  has  a  device  for  applying  pressure  on  the  shells  of  eggs  until  they 
are  fractured.  Required  pressure  is  read  on  a  kilogram  capacity  spring  scale. 

V.  Shell  weight .  The  determination  of  the  shell  weight  of  an  egg 
is,  like  specific  gravity,  an  indirect  measurement  of  shell  thickness. 
Its  determination  requires  that  the  egg  be  opened,  dried  and  weighed 
twice  to  an  accuracy  of  at  least  one-tenth  of  a  gram.  This  procedure 
is  tedious  and  time-consuming.  If  the  albumen  is  not  wiped  from  the 
shell,  it  will  influence  the  weight  of  the  shell.  Therefore,  because  of 
the  work  required  to  measure  this  index  of  shell  thickness  and  because 
the  egg  is  destroyed  in  the  process,  percent  shell  is  not  too  widely  used  as 
a  measurement. 

According  to  a  report  of  Frank  et.  al.  (1962)  specific  gravity  is  the 
most  reliable  single  measurement  for  determining  shell  strength.  Mountney 
and  Vandergant  (1957)  found  the  correlation  coefficient  between  the  specific 
gravity  and  shell  thickness,  and  between  specific  gravity  and  shell  weight 
were  statistically  significant.  Steele  et.  al.  (1962)  have  revealed  cor- 
relation coefficients  between  specific  gravity  and  percent  shell  to  be  0.904, 
between  shell  thickness  and  percent  shell  to  be  0.842  and  between  specific 
gravity  and  shell  thickness  to  be  0.802. 

FACTORS  AFFECTING  INITIAL  EGG  QUALITY 

Disease 
llost  outbreaks  of  disease  or  any  major  flock  disturbance  will  influence 
egg  quality.  The  most  common  diseases  affecting  egg  quality  are  Newcastle 
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disease  and  infectious  bronchitis. 

Newcastle  disease  is  an  infectious,  highly  contagious  malady  which 
attacks  chiefly  chickens  and  turkeys.  Newcastle  disease  causes  high 
mortality  in  the  case  of  chicks.  In  laying  birds  the  disease  causes  little 
death  loss,  but  egg  production  as  well  as  egg  quality  and  shell  quality  are 

lowered. 

Beach  (1943)  showed  that  Newcastle  caused  a  sudden  and  drastic  drop 
in  egg  production  and  a  mortality  of  about  %,     Lorenz  and  Newlon  (1944) 
reported  that  eggs  laid  up  to  45  days  after  an  outbreak  of  Newcastle 
disease  revealed  these  abnormal  conditions:  (1)  up  to  10£  of  the  eggs 
had  abnormal  air  cells,  many  of  which  contained  free  floating  bubbles, 

(2)  a  high  percent  of  the  hens  produced  eggs  with  abnormal  shells,  and 

(3)  albumen  quality  was  decreased  in  nearly  all  eggs  laid.  Berg  ejt.  al. 
(1947)  reported  that  albumen  and  shell  quality  were  lower  after  a  Newcastle 
disease  attack  than  prior  to  infection,  but  that  not  all  birds  affected  with 
the  disease  produced  poorer  quality  eggs  following  a  return  to  normal  egg 
production.  The  decrease  in  albumen  quality  and  the  increase  in  roughness 
of  shells  following  a  disease  attack  tended  to  be  permanent. 

Patt  (1948)  reported  that  hens  drop  from  about  1%  production  to  zero 
production  in  8  days  after  being  vaccinated  for  Newcastle  disease  and  that 
some  pens  resumed  normal  egg  production  within  six  weeks,  parnell  (1950) 
also  reported  that  loss  or  inedible  eggs  appeared  earlier  in  the  eggs  from 
the  birds  that  had  experienced  a  Newcastle  disease  and  the  percentage  of 
loss  eggs  was  much  higher  than  for  the  non-Newcastle  disease  groups  at  all 
periods  of  storage.  Host  of  the  inedible  eggs  resulted  from  stuck  yolks, 
a  condition  that  is  common  in  lots  of  eggs  containing  much  watery  albumen. 
Yolk  quality  as  measured  by  yolk  index,  color,  and  general  table  quality 


19 


was  no  different  in  the  Newcastle  affected  eggs  than  in  those  not  so 
affected.  Quinn  (1950)  found  candling  grades  and  albumen  scores  of  day- 
old  and  v.'eek-old  eggs  from  the  recovered  Newcastle  pullets  were  signifi- 
cantly lower  than  those  of  normal  pullets  from  June  to  November.  In  eggs 
held  at  77°  F.  and  100°  F.  for  7  days,  thick  white  of  eggs  from  the 
recovered  Newcastle  pullets  declined  20$  more  than  from  normal  pullets. 
In  eggs  held  at  100°  F.  for  14  days,  percent  loss  in  thick  white  was  33.5 
in  eggs  of  Newcastle  pullets  and  20.7  in  eggs  of  normal  pullets.  However, 
eggs  from  Newcastle  pullets  lost  less  weight  than  eggs  from  normal  ones. 
Eggs  from  Newcastle  pullets  averaged  22.7  ounces;  eggs  from  normal  pullets 
averaged  24.0  ounces.  Later,  Quinn  et.  al.  (1956)  pointed  out  that 
appro:d_niately  26j£  of  the  Newcastle  disease  recovered  pullets'  eggs  were 
candled  as  U.S.  AA  Quality  and  %%  were  U.S.  A  Quality  whereas  the  control 
pullets'  eggs  candled  about  59£  AA  and  37$  A.  Of  the  eggs  laid  by  the 
Newcastle  disease  recovered  pullets  3S$  were  graded  as  B  and  C  Quality  as 
compared  to  U%  for  the  control  group.  Many  of  the  C  Quality  eggs  contained 
"bubbles",  loose  air  cells,  or  both. 

Infectious  bronchitis  which  is  a  highly  infectious,  contagious  disease 
commonly  causes  a  drastic  and  usually  sudden  decrease  in  egg  production. 
Mortality  is  slight,  seldom  amounting  to  more  than  %   of  the  laying  flock. 
The  most  damaging  effect  is  the  failure  to  return,  after  several  weeks  pause, 
to  what  is  considered  a  profitable  rate  of  lay.  In  addition,  abnormality  of 
egg  shape,  shell  strength  and  texture  and  poor  interior  quality,  further 
reduce  the  profitability  of  a  recovered  flock.  These  conditions  following 
the  occurence  of  the  disease  in  a  mature  flock  make  infectious  bronchitis 
one  of  the  most  costly  of  the  poultry  industry. 

Broadfoot  and  Smith  (1954)  found  a  rapid  drop  in  egg  production  beginning 
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2  or  3  days  after  onset  of  respiratory  symptoms  from  perhaps  60  to  &5%  to  a 
level  of  5  to  2%   in  about  5  days.  There  was  also  a  slow  ret  Torn  to  production, 
with  only  a  few  flocks  having  returned  to  former  levels  after  8  to  10  weeks. 
Host  flocks  never  reached  former  production  levels.  The  disease  in  laying 
flocks  resulted  in  a  significant  decrease  in  egg  production  and  an  increase 
in  percentage  of  shell  abnormalities . 

It  is  generally  agreed  that  infectious  bronchitis  virus  acts  similarly 
to  that  of  Newcastle  disease  with  respect  to  the  production  of  eggs  with  thin 
and  malformed  shells  and  weak,  watery  albumen.  In  brown  eggs,  the  color  of 
the  shell  is  frequently  lighter;  similar  effects  also  have  been  noted  with 
Newcastle  disease.  "Bubbly"  air  cells  have  not  been  reported  following  in- 
fectious bronchitis. 

The  report  of  Lerner,  Taylor  and  Beach  (1950)  has  implicated  a  typical 
infectious  coryza  as  a  factor  in  producing  unsatisfactory  egg  quality,  although 
the  adverse  effects  of  this  disease  upon  egg  production  and  visibility  are 
generally  recognized.  The  effects  upon  shell  and  albumen  quality  following 
the  outbreak  are  quite  similar  to  those  produced  by  Newcastle  disease  or 
bronchitis  infection.  In  the  outbreak  described  in  this  report,  the  disease 
seemed  to  produce  a  lasting  disability.  "Bubbly"  air  cells  were  not  formed, 
although  floating  or  displaced  air  cells  were  observed.  The  presence  of 
white  coagulation  in  the  albumen  of  the  egg  was  frequently  observed.  Reports 
have  been  made  that  infectious  laryngotracheitis  have  influenced  the  egg 
production  and  egg  quality.  Raggi  et.  al.  (1961)  reported  that  a  controlled 
experiment  on  the  effects  of  infectious  laryngotracheitis  virus  (ILT)  on  egg 
production  and  egg  quality  showed  that  a  temporary  but  highly  significant 
drop  in  egg  production  and  some  reduction  in  shell  thickness  in  22  layers 
infected  intratracheally  with  a  commercial  available  ILT  vaccine. 
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These  diseases  not  only  cause  lower  egg  production,  as  well  as  egg 
quality,  but  also  these  effects  can  have  an  important  econo;aic  loss  upon 
the  poultry  industry.  Fortunately,  these  diseases  can  be  controlled  or 
minimized  by  proper  vaccination  of  the  pullets. 

Strain 

The  initial  quality  of  fresh  shell  eggs  varies  among  breeds  and  strains, 
As  early  as  1943  Knox  and  Godfrey  noted  that  eggs  from  V/hite  Leghorn  hens 
had  a  significantly  greater  percentage  of  thick  white  than  eggs  from  Rhode 
Island  Red  hens.  Grimes  (1953)  observed  that  standard-bred  strains  tended 
to  produce  eggs  of  superior  albumen  quality  when  compared  with  eggs  laid 
by  crossbred  and  incrossbred  strains  although  the  quality  of  eggs  from  the 
standard-bred  strains  was  less  uniform.  The  fact  that  breeds  and  strains  do 
lay  eggs  of  significantly  different  albumen  quality  has  been  supported  by 
many  other  workers  including  Dawson  et.  al.  (1953),  Cotterill  and  TJinter 
(1954),  Johnson  and  Gowe  (1956),  King  and  Hall  (1955)  and  proudfoot  (1962). 

Strain  and  Johnson  (1957)  reported  that  there  were  significant  differ-  ' 
ences  between  strains  when  internal  quality  of  fresh  eggs  was  measured  in 
three  seasons — October,  February  and  June.  These  results  supported  earlier 
work  reported  in  the  literature  by  King  and  Hall  (1955)  and  Johnson  and 
Gowe  (1956). 

Reports  are  controversial  on  the  effect  of  storage  at  different  temp- 
eratures on  the  decline  of  egg   quality  among  different  strains  of  egg  pro- 
duction fowl.  Lray,  Schmidt  and  Stadelman  (1957),  working  with  186  different 
strains,  reported  differences  in  rate  of  egg  quality  decline  in  eggs  from 
different  strains  when  the  eggs  were  stored  7  days  at  55°  to  60°  F.  The 
difference  in  rate  of  albumen  quality  loss  and  the  initial  albumen  quality 
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were  found  to  differ  at  the  0.01  level  of  probability.  Mueller  (1959) 
studied  interior  quality  loss  at  a  storage  temperature  of  82°  F.  over  a  7-day 
period  and  he  concluded  that  eggs  of  high  initial  quality  among  strains  had 
a  more  rapid  decline  than  eggs  of  lower  initial  quality  although  eggs  which 
ranked  high  in  initial  quality  still  ranked  high  in  Haugh  unit  score  at  the 
end  of  the  storage  period.  ifcClary  and  Bearse  (1956)  reported  that  heridity 
had  no  measurable  effect  on  the  rate  of  loss  of  albumen  quality  of  eggs  from 
hens  used  in  their  study. 

Reports  have  been  made  that  show  that  other  initial  qualities  of  eggs 
such  as  egg  weight,  shell  quality,  blood  and  meat  spots,  and  prominence  of 
chalazae  also  vary  among  breeds  and  strains.  Baker  and  Curtiss  (1957)  found 
that  there  was  a  liighly  significant  difference  among  strains  in  egg  shell 
mottling,  specific  gravity,  shell  thickness  and  interior  quality.  Baker  and 
Stadelrnan  (1958)  reported  that  the  prominence  of  chalazae  varied  among  strains, 
There  was  no  correlation  between  prominence  of  the  chalazae  and  internal  egg 
quality.  The  prominence  of  chalazae  was  a  heritable  characteristic.  May  and 
Stadelnnn  (I960)  found  that  strains  significantly  influenced  percentage 
moisture,  protein  of  fresh  egg  and  protein  of  dry  egg. 

Van  Wagnen,  Hill  and  7»rilgus  (1937)  reported  that  the  frequency  of  meat 
spots  varies  with  breeds.  Jeffrey  (1945)  found  a  difference  between  Leghorn 
and  heavy  breeds  with  respect  to  meat  and  blood  spots.  Amer  (1961)  also 
reported  there  was  a  highly  significant  difference  between  breeds  with  respect 
to  blood  spots  and  meat  spots.  Fayoumi  eggs  contained  the  highest  percentage 
of  both  meat  and  blood  spots,  followed  by  Rhode  Island  Reds  and  Leghorns. 
Dawson  et.al.  (1945)  reported  that  heredity  was  an  important  factor  in  the 
production  of  eggs  containing  blood  spots. 

Among  all  the  traits  of  egg  quality  affected  by  strains,  albumen  quality 
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in  different  strains  is  more  easily  detected  according  to  King  and  Hall  (1955). 
Most  of  the  traits  of  egg  quality  are  heritable.  Therefore  it  is  possible  to 
develop  these  heritable  traits  by  selective  breeding. 

Drugs 

Presently  several  medications  can  be  added  to  the  laying  rations  in  order 
to  prevent  or  eleminate  diseases.  These  include  such  products  as  nicarbazin, 
piperazine,  sulfanilamide,  arasan,  and  others.  Some  of  these  medications 
have  affected  the  quality  of  eggs.  Nicarbazin  is  one of  those  having  serious 
effects  on  egg  quality. 

Nicarbazin,  a  coccidiostat,  has  been  reported  to  cause  several  effects 
on  egg  quality.  These  are  shell  depigmentation  (I'cClary,  1955;  Ott  et.  al., 
1955,  1956a  &  b;  Sherwood  et.  al.,  1956a),  yolk  mottling  (Baker  et.  al.,  1956, 
1957;  Polin  and  Porter,  1956;  Polin  et.  al.,  1957;  T.7eiss,  1957)  and  a  decreased 
egg  size  (Sherwood  et.  al.,  1956b;  Weiss,  1957;  Baker  et.  al.,  1957). 

Shell  depigmentation  was  reported  to  occur  at  a  minimum  effective  level 
of  0.003  to  0.005  percent  by  Sherwood  et.  al.  (1956a)  and  Ott  et.  al.  (1957). 
Baiter  et.  al.  (1957)  reported  the  effect  at  0.009  percent  but  not  at  the 
0.003  percent  level. 

Yolk  mottling  was  reported  in  fresh  eggs  from  Leghorns  fed  0.0015  percent 
and  a  marked  increase  in  the  incidence  at  0.003  percent  in  fresh  eggs  from 
both  heavy  and  light  breeds  (Baker  et.  al.,  1957).  This  is  contrary  to  the 
data  reported  by  Polin  (1957)  who  found  tliat  yolk  mottling  in  fresh  eggs  was 
within  normal  incidence  and  degree  even  at  the  0.0125  percent  level.  Also 
VJeiss  (1957)  and  McLoughlin  et.  al.  (1957)  found  that  yolk  mottling  in  fresh 
eggs  at  0.0125  percent  levels  was  not  noticeable  enough  to  attract  any  par- 
ticular attention.  In  heavy  breeds  yolk  mottling  was  significantly  increased 
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above  control  values  in  eggs  held  in  storage  when  the  nicarbazin  level  was 
at  least  0.005  percent  (Polin  et.  al.,  1957;  Polin,  1957).  In  agreement 
with  these  results,  Baker  et.  al.  (1957)  reported  yolk  mottling  to  increase 
significantly  during  storage  of  eggs  of  heavy  breed  hens  fed  nicarbazin  at 
a  level  above  0.003  percent,  whereas  eggs  from  White  Leghorns  showed  the 
effect  at  the  0.003  percent  level  of  nicarbazin.  polin  et.  al.  (1957)  showed 
that  nicarbazin  caused  a  significant  increase  in  yolk  mottling  above  the 
normal  incidence  in  eggs  stored  7-10  days  and  from  hens  fed  at  least  0.005 
percent  and  no  direct  effect  on  albumen  quality  at  the  highest  level  fed 
(0.010^).  They  also  found  the  effect  on  yolk  quality,  caused  by  the  active 
moiety  of  nicarbazin,  4,4'dinitrocarbanilide,  was  on  the  permeability  of 
yolk  membrane. 

Sherwood  et.  al.  (1956b)  reported  that  'Tnite  Rock  hens  lay  a  slightly 
smaller  egg  when  fed  nicarbazin  at  0.005-0.007  percent;  yet  Weiss  (1957)  did 
not  detect  any  effect  on  egg  weight  at  0.0125  percent  fed  to  hybrid  hens.  He 
did  not  find  a  significant  effect  on  eggs  laid  by  White  Hocks  and  Leghorns  at 
this  level.  Baker  et.  al.  (1957)  reported  that  egg  size  was  reduced  by  feed- 
ing nicarbazin  at  0.006  percent  or  more  to  Leghorns  with  no  effect  on  hea- 
vies at  0.003  and  an  effect  at  0.C09  percent,  polin  et.  al.  (1958)  found 
nicarbazin  to  cause  a  decreased  egg  size  by  reducing  yolk  size  at  a  minimum 
level  of  0.007  percent.  Weiss  et.  al.  (I960)  reported  that  when  fed  nicarb- 
azin at  the  level  of  0.04/*  5  month-old  White  Leghorn  pullets  delayed  attain- 
ment of  full  egg  production  for  8-10  weeks.  By  one  month  after  withdrawal 
of  the  drug,  production  and  egg  weight  were  essentially  normal. 

It  is  very  important  to  use  this  drug  at  recommended  levels  and  it 
should  not  be  used  in  the  ration  of  laying  hens;  otherwise  the  eggs  will  be 
abnormal. 
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Other  drugs  such  as  arasan,  sulfanilamide,  reserpine,  piperazine  and 
others  have  been  reported  to  affect  the  egg  quality.  Svjanson  et.  al.  (1955) 
reported  that  arasan,  a  fungicidal  product  used  in  seed  treatments  and  con- 
taining tetramethylthiuran  disulfide  as  the  active  ingredient,  in  levels  as 
low  as  22  p. p.m.  would  decrease  the  shell  thickness.  At  levels  of  22  p. p.m. 
and  50  p. p.m.  arasan  the  eggs  were  misshapen.  At  200  p. p.m.  of  arasan  no 
hard-shelled  eggs  were  laid  after  36  hours  on  the  experimental  diet. 

Scott  et.  al.  (1945)  reported  that  the  average  thickness  of  the  egg 
shell  was  reduced  when  sulfanilaTdde  was  added  to  a  laying  hen's  diet.  Becker 
and  Eearse  (1962)  reported  that  feeding  T,Vhite  Leghorn  hens  0.003£  sulfanila- 
mide in  their  ration  significantly  reduced  egg  production,  egg  weight,  Haugh 
unit  values,  and  the  specific  gravity  of  their  eggs. 

Van  Llatre  et.  al.  (1957)  reported  that  reserpine  afforded  protection 
against  decreased  egg  production  and  shell  quality  following  heat  stress 
under  laboratory  conditions.  Gilbreath  et.  al.  (1959)  showed  that  a  low 
level  of  reserpine  (2.0  mg.  per  kg.  of  diet)  added  to  a  suitable  diet  would 
support  egg  weight  and  shell  quality  during  periods  of  relatively  high  tem- 
peratures. The  drug  did  not  affect  albumen  quality  under  the  conditions  of 
their  study.  Eoff  et.  al.  (1961)  reported  reserpine  at  a  high  level  (1.0 
mg.  per  pound  of  feed)  caused  a  significant  decrease  in  egg  weight,  fteser- 
pine  (0.25  and  0.5  mg.  per  pound  of  feed)  produced  significant  increase  in 
egg  weight. 

Piperazine  and  phenothiozine  have  been  reported  to  cause  yolk  mottling 
or  yolk  discoloration.  Kitrofurazone,  Aureomycin,  Terramycin,  penicillin 
arsanilic  acid,  I.Ialathion  and  Furazolidone  have  been  reported  to  have  no 
effect  on  egg   quality. 
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Management 

Management  is  very  important  in  poultry  production.  If  it  is  not  done 
in  the  proper  way  it  not  only  vdll  affect  the  quality  of  eggs,  but  also  a 
great  economic  loss  will  be  encountered.  Management  includes  many  things 
such  as  feeding  systems,  housing  systems,  ventilation,  etc.  In  this  paper 
only  the  factors  which  will  influence  the  initial  quality  of  an  egg  will  be 
discussed. 

Stevenson  and  Bryant  (1944)  found  no  significant  difference  in  annual 
egg  production  and  egg  size  between  birds  reared  on  range  and  those  reared 
in  confinement.  Winter  and  Schlamb  (194^0  reported  that  egg  size  was  slightly 
larger  for  the  range  reared  group.  Ott  et.  al.  (1957)  measured  the  egg   qual- 
ity and  egg  weight  of  pullets  and  found  that  the  eggs  produced  by  the  range 
reared  birds  were  higher  in  Haugn  unit  value  and  lower  in  weight  tnan  those 
from  confinement  reared  birds.  Barley  et.  al.  (1959)  found  the  average  egg 
weight  was  56.10  and  55.05  respectively,  for  the  range  reared  and  confine- 
ment reared  birds.  This  difference  was  highly  significant.  Pepper  (1959) 
reported  that  there  was  little  or  no  difference  in  quality  between  eggs 
produced  by  confinement  or  range  reared  birds  or  between  birds  reared  on 
high  or  low  energy  diets. 

G-owe  (1955)  reported  no  significant  differences  in  egg  weight  of 
caged  and  floor  layers.  Lower  egg  production  was  observed  in  the  caged 
layers  than  in  the  birds  on  the  floor.  Bailey  et.  al.  (1959)  and  Lowry 
et.  al.  (1956)  found  that  the  average  egg  weight  of  cage  housed  birds  was 
significantly  heavier  than  for  the  floor  housed  birds,  proning  and  Funk 
(1957)  reported  that  egg  weight  was  significantly  higher  for  the  caged 
birds  throughout  the  study.  Egg  quality  as  measured  by  Raugh  units  was 
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approxijnately  the  same  for  both  groups.  Percent  of  thick  albumen  and 
height  of  thick  albumen  were  consistently  higher  in  eggs  from  caged  layers. 
Shape  and  Quisenberry  (1961)  found  that  birds  housed  in  floor  pens  had 
significantly  lower  body  weight  and  laid  smaller  eggs  than  birds  housed 
in  colony  and  individual  cages. 

Jeffrey  and  Pino  (1943)  compared  blood  spot  incidence  of  caged  and 
floor  birds.  Their  work  showed  caged  birds  to  have  a  lower  incidence  of 
blood  spots  than  did  the  birds  on  the  floor.  Jeffrey  (1945)  reported 
results  contrary  to  his  earlier  work  when  Rhode  Island  Reds  in  cages 
produced  eggs  with  a  higher  percentage  of  blood  spots  than  did  the  floor 
birds.  Lowry  et.  al.  (1956)  found  higher  production  in  caged  birds.  The 
birds  had  significantly  lower  mortality,  larger  eggs  and  higher  incidence 
of  blood  spots.  C-rotts  (1956)  reported  higher  egg  weight  and  increased 
incidence  of  blood  spots  in  eggs  from  caged  birds.  Ho  differences  were 
observed  in  albumen  quality  and  shell  thickness.  Froning  and  Funk  (1957) 
and  McDowell  (1958)  also  reported  that  eggs  from  caged  birds  had  more 
blood  spots  than  eggs  from  floor  birds. 

j 

Yao  (1959)  showed  the  chickens  on  the  slatted  floor  had  a  higher 
mortality,  more  non-layers  and  poor  layers^  fewer  eggs  with  blood  spots, 
and  a  higher  egg  albumen  quality  than  those  on  the  litter  floor,  osborn 
et.  al.  (1959)  found  there  was  no  difference  in  egg  weight  and  initial 
interior  quality  between  the  systems  but  the  incidence  of  blood  spots 
appeared  to  be  lower  on  slats  than  litter.  Magruder  et.  al.  (1962)  showed 
no  differences  between  the  two  systems  regarding  blood  spots,  shell 
thickness,  shell  strength  and  Haugh  units.  More  large  eggs  were  produced 
by  the  layers  housed  on  slatted  floors  than  those  housed  on  litter  (shavings). 

Mueller  et.  al.  (1951)  reported  that  the  effects  of  light  on  egg 
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quality  and  blood  spot  incidence  were  inconsistent.  Stiles  and  Dawson 
(1961)  found  continuous  light  and  short  intermittent  light  periods  increased 
blood  spot  incidence,  albumen  height,  egg  weight  and  Haugh  unit  score  over 
the  normal  14  hours  of  light  followed  by  10  hours  of  darkness.  But  according 
to  earlier  reports,  lighting  system  does  not  influence  the  egg  quality. 

Stiles  and  Dawson  (1961)  found  that  physically  disturbing  hens  by 
shaking  and  frightening  them  several  times  a  day  had  no  significant  effect 
on  blood  and  meat  spot,  incidence.  Frightening  birds  significantly  decreased 
egg  shell  thickness  by  0.31  thousandths  of  an  inch,  but  did  not  affect 
other  egg   quality  factors.  Eggs  from  birds  subjected  to  abnormal  sounds 
had  increased  blood  spot  incidence,  but  the  sounds  had  no  significant  effect 
on  other  quality  characteristics. 

Hanson  et.  al.  (1948)  used  such  nesting  litters  as  straw,  excelsior, 
wood  fiber,  wood  shavings,  rice  hulls,  almond  shells  and  diatomaceous 
silica.  They  found  that  straw,  excelsior  and  wood  fiber  were  preferred 
by  the  birds  to  other  materials.  Their  observations  on  the  effect  of 
nesting  materials  on  egg  soilage  did  not  yield  conclusive  results.  They 
concluded  that  factors  other  than  nesting  materials  contributed  to  variation 
in  egg   soilage.  Dawson  and  Watts  (1952)  studied  the  effect  of  nest  litter 
on  cleanliness  of  eggs.  They  found  that  nesting  materials  did  have  some 
effect  on  cleanliness  of  eggs,  but  they  felt  that  the  condition  of  the  floor 
litter  affected  the  number  of  dirty  eggs  more  than  did  the  nest  litters. 
Siegel  and  Howes  (1959)  reported  that  the  type  of  nesting  material  had 
little  effect  on  the  percentage  of  clean,  cracked,  or  broken  eggs,  if  the 
nesting  material  is  maintained  properly.  Baker  (1962)  showed  both  perlite 
ore  and  calcined  clay  were  responsible  for  significantly  more  clean  eggs 
than  either  shavings  or  peanut  shucks.  The  number  of  clean  eggs  was 
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significantly  higher  in  the  pen  where  calcined  clay  ;vas  used  than  was  the 
case  where  perlite  ore  was  used. 

Season 

It  has  been  known  that  egg  quality  is  influence  by  seasons,  especially 
in  summer  temperature.  High  environmental  temperatures  reduce  the  thickness 
of  the  chicken's  egg  shell,  thereby  lowering  its  breaking  strength.  The 
usual  pattern  followed  is  a  gradual  thining  of  the  shell,  which  is  initiated 
during  the  spring  months  and  becomes  progressively  worse  as  the  temperature 
increases.  Yflien  the  atmosphere  cools,  there  is  a  return  toward  normal 
thickness.  t 

That  egg  size  is  influenced  by  season  has  been  shown  by  many  investigators. 
Jull  (1924)  observed  that  egg  weight  increased  from  December  to  February 
and  decreased  from  February  to  April.  Bennion  and  Warren  (1933)  reported 
the  components  of  the  egg  decreased  in  weight  when  hens  were  exposed  to 
high  environmental  temperature.  The  shell  and  albumen  decreased  considerably 
more  than  the  yolk  in  proportion  to  their  weight.  Funk  and  Kempster  (1934) 
reported  that  eggs  of  maximum  size  were  produced  during  the  spring  months 
of  February  and  Llarch.  Lorenz  and  Almquist  (1936)  showed  that  egg  weight 
was  decreased  by  increased  air  temperature  during  the  formation  of  the  egg, 
but  the  percentage  of  firm  white  and  shell  weight  were  not  affected  by  the 
air  temperature  during  this  time.  Warren  et.aL  (1950)  observed  that  the 
size  of  eggs  increased  throughout  the  laying  year  if  the  birds  were  not 
subjected  to  high  summer  temperatures.  Rosenberg  and  Tanaka  (1951)  reported 
that  in  Hawaii,  where  the  maximum  temperature  averaged  approximately  80°  F., 
New  Hampshire  puliets  produced  eggs  which  increased  in  size  continually  for 
the  first  11  months  of  lay.  Cunningham  et.  al.  (I960)  also  reported  that 
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egg  weight  tended  to  be  greater  in  the  spring  and  smaller  during  periods 
of  high  temperature.  Campos  et.  al.  (I960)  reported  a  sudden  severe  drop 
in  egg  production  in  some  strains  of  layers  upon  exposure  to  100  F.  for 
a  24  hour  period;  egg  weight  and  shell  thickness  were  likewise  adversely 
affected  by  exposure  to  the  high  ambient  temperature.  Huston  and  Carmon 
(1961)  found  the  birds  in  variable  temperature  environment  laid  eggs  v/hich 
had  a  higher  specific  gravity  than  eggs  laid  by  birds  held  at  a  high 
constant  temperature  (90°  F.).  The  decline  in  specific  gravity  was  related 
to  environmental  temperature  and  age  of  the  hen.  Llueller  (1961)  reported 
a  constant  temperature  of  90°  F.  depressed  egg  weight  and  shell  quality  as 
compared  with  a  constant  temperature  of  55  F.  It  is  known  that  as  temper- 
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ature  climbs  up  from  70  to  90  F.,  blood  calcium  leva},  drops  and  shell 
becomes  thinner  almost 'immediately.  Since  feed  consumption  drops  in  hot 
weather  particularly,  the  calcium  intake  is  or  may  be  a  limiting  factor. 

The  interior  quality  of  the  egg  has  been  studied  extensively  and  from 
many  different  points  of  view.  Knox  and  Godfrey  (1934)  found  a  definite 
seasonal  variation  in  egg   quality.  They  reported  that  interior  quality 
was  poorest  in  June.  Lorenz  and  Newlon  (1944)  in  a  survey  of  ranches  in 
California,  reported  that  a  significant  seasonal  trend  existed  in  egg 
quality  and  they  attributed  this  in  part  to  the  advancing  age  of  the  flock 
and  in  part  to  changes  in  environmental  conditions. 

'.'Jarren  et.  al.  (1950)  also  observed  a  marked  decrease  in  albumen 
quality  as  the  season  progressed.  They  observed  a  decline  in  albumen 
quality  of  eggs  produced  by  hens  in  both  controlled  and  uncontrolled 
environments  and  concluded  that  the  cause  was  due  to  factors  within  the 
birds  and  not  to  external  environmental  factors.  Sauter  et.  al.  (1954b) 
considered  both  season  and  aging  of  the  hen  as  seasonal  variation.  They 
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produce  better  albumen  quality  than  hens  (Yao,  1958;  Lorenz  and  Newlon,  1944; 
Cunningham  et.  al.,  i960). 

Although  shell  weight  increases  with  larger  eggs,  the  percentage  of  shell 
and  its  thickness  decline  (Halloran  and  Maxwell,  1955;  Lorenz  and  Almquist, 
1936;  Fronda  and  de  la  Crus,  1939)  and  defects  of  the  shell  tend  to  increase 
(Halloran  and  Lfaxwell,  1955) .  Ken  egg  shells  are  more  porous  than  those  of 
pullets  (Bolton,  1957).  Shell  quality  of  eggs  stored  over  a  period  of  time 
from  birds  of  one  to  one  and  a  half  years  of  age  showed  definite  increases  in 
the  measurable  porosity  which  is  responsible  for' a  lower  quality  eggf   whereas 
in  pullet  eggs  no  increase  in  average  porosity  was  observed  (Kraft,  KcNally 
and  Brant,  1957).  Flavor  of  the  egg,  however,  shows  no  consistent  variation 
with  increasing  age  of  the  hen  (Harns  et.  al.,  1954). 

Age  of  birds  and  season  of  the  year  are  the  two  correlative  factors 
which  influence  the  quality  of  eggs.  But  age  of  the  birds  has  a  greater 
influence  on  egg  weight,  albumen  volume,  Haugh  units  and  solids  in  albumen 
than  does  the  season  of  the  year.  As  birds  grow  older  their  shells  become 
thinner  with  the  exception  of  birds  that  are  forced  into  a  molt,  upon  re- 
sumption of  egg  laying  the  shells  of  eggs  from  force  molted  hens  are  found 
to  have  regained  their  full  thickness  which  is  a  good  indication  that  the 
shell  mecnanism  of  the  hen  is  tired  and  needs  a  rest  to  restore  its  effi- 
ciency (Wallace,  1961). 

Hation 

There  are  numerous  ingredients  in  the  ration  which  will  influence  the 
quality  of  eggs.  In  this  paper  discussion  will  consist  only  of  the  commonly 
used  ingredients  in  the  ration  which  affect  egg 'quality. 

Calcium  is  a  very  important  mineral  in  the  ration  of  laying  hens.  The 


33 


level  of  calcium  in  the  diet  affects  egg  shell  quality.  Thin  shelled  eggs 
result  from  a  low  level  of  calcium  and  this  causes  considerable  financial 
loss  to  poultrymen  because  of  increased  number  of  cracked  and  broken  eggs 
and  because  of  dov;n  grading  of  the  eggs  due  to  thinness  of  shells.  It  is 
estimated  that  as  high  as  5$  of  all  eggs  produced  in  the  U.S.A.  are  lost, 
either  in  production  or  handling,  because  of  weak  thin  shells.  Therefore, 
thin  shelled  eggs  is  one  of  the  major  problems  in  poultry  operations. 

In  recent  years,  both  research  studies  and  field  experience  have  pointed 
to  the  need  for  higher  levels  of  calcium  than  the  2.25$  calcium  recommended 
by  the  National  Research  Council.  Higher  egg  shell  quality  can  be  obtained. 
The  reason  is  that  high  production  levels,  larger  eggs  and  smaller  birds  re- 
quire higher  calcium  levels  in  the  ration.  Though  the  calcium  requiraments 
of  laying  hens  has  been  studied  to  some  extent,  the  problem  of  the  optimum 
amount  of  calcium  required  has  not  yet  been  completely  solved. 

Evans  and  Carver  (1942)  reported  that  levels  of  calcium  of  2.5/6  or 
higher  prevented  any  decrease  in  shell  thickness  if  the  level  of  phosphorus 
was  satisfactory.  Levels  of  2.5$  calcium  and  0.8$  phosphorus  were  generally 
considered  to  be  merely  optimum  for  the  laying  hen.  The  3.5$  calcium  and 
1.0$  phosphorus  level  produced  the  greatest  increase  in  egg  shell  thickness. 
Evans,  Carver  and  Brant  (1944)  found  hens  receiving  3.0$  calcium  in  the  diet 
gave  better  results  than  those  receiving  higher  or  lower  levels  when  egg 
shell  thickness  was  used  as  the  criterion.  However,  a  level  of  2.5$  cal- 
cium allowed  as  satisfactory  production  as  the  one  of  3.0$.  Tyler  (1946) 
showed  no  difference  in  egg  production  or  shell  thickness  in  6.0$  or  3.0$ 
calcium  diets.  Soft  shelled  eggs  as  well  as  other  egg   abnormalities  were 
observed  in  the  birds  given  the  high  calcium  diet.  Thus,  it  would  appear 
that  calcium  levels  in  excess  of  the  amount  required  could  be  deleterious. 
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Peterson  et.  al.  (1959)  reported  that  egg  shell  quality  was  significantly 
improved  by  dietary  calcium  levels  which  were  considerably  higher  than  the 
previously  estimated  requirement.  A  level  of  3.75fo  significantly  increased 
the  specific  gravity  of  eggs  as  compared  to  that  with  2.25^.  Calcium  levels 
of  4.5/o  and  5.25/i  resulted  in  further  increases  but  of  less  magnitude.  Reddy 
(1962)  suggested  that  about  3.0%  to  3.3$  calcium  in  the  diet  appeared  to  be 
necessary  for  optimum  shell  weight,  percent  shell,  interior  quality  and 
percent  egg  production.  However,  the  Rational  Research  Council  recommended 
levels  of  2.25,o  calcium  in  the  diet  as  being  adequate  for  maximum  egg   weight. 

It  has  been  common  knowledge  for  years  that  eggs  laid  during  the  hot 
summer  months  generally  nave  thinner  more  fragile  shells  than  have  those 
laid  during  cool  months.  As  temperature  climbs  up  from  70°  to  90°  F.,  blood  •• 
calcium  levels  drop  and  shells  became  thinner.  Since  feed  consumption  drops 
in  hot  weather  the  calcium  intake  suffers.  Many  workers  have  tried  to  in- 
crease the  level  of  vitamin  C  or  D  in  order  to  increase  tne  thickness  of  the 
shell  during  the  summer  months  but  their  effect  on  improving  the  egg  shell 
quality  is  questionable. 

Berg,  Bearse  and  Miller  (1951)  found  that  increasing  the  level  of  cal- 
cium in  the  ration  from  2.25$  to  2.625$  to  3.C7S  when  the  vitamin  D  content 
of  the  ration  was  maintained  at  450  A.O.A.C.  units  per  pound  of  feed  did  not 
prevent  the  normal  seasonal  decline  in  egg  production,  shell  thickness  or 
shell  smootnness.  Likewise,  increasing  the  level  of  vitamin  D  from  450  to 
900  A.O.A.C.  units  when  calcium  was  maintained  at  a  level  of  2.25£  of  the 
ration  did  not  alter  the  seasonal  decline  in  performance.  When  both  the 
calcium  and  vitamin  D  were  simultaneously  increasing  in  amounts,  no  improve- 
ment in  performance  of  the  birds  was  recorded.  Berg  et.  al.  (1947)  and  couch 
and  coworkers  (1947)  found  the  National  Research  Council  recommended  levels 
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of  calcium  (2.25;'o)  and  vitamin  D  (450  A.O.A.C.  units)  when  maintained  in  the 
ration  continuously  would  promote  as  satisfactory  shell  quality  as  could  be 
obtained  by  feeding  higher  levels  of  these  feed  components.  However,  the 
N.R.C.  recommended  levels  have  not  been  able  to  prevent  the  seasonal  decline 

in  shell  quality. 

Heywang  and  Kemmcrer  (1955)  found  no  difference  in  egg  Weight  or  Snell 
thickness  v.v.en  hens  maintained  at  high  environmental  temperature  were  fed 
supplementary  ascorbic  acid  as  compared  with  birds  not  receiving  the  added 
vitamin.  Thornton  and  lioreng  (1958,1959)  reported  the  addition  of  ascorbic 
acid  to  the  hen's  diet  would  maintain  or  improve  shell  quality  during  heat 
stress.  Further  studies  by  Thornton  (I960)  and  Thornton  and  Deeb  (1961) 
suggested  that  the  response  to  ascorbic  acid  might  be  influenced  by  factors 
other  than  heat  stress,  namely  dietary  protein  level,  calcium  level  and  the 
bird's  metabolic  rate.  Hunt  (I960)  showed  egg  specific  gravity  to  be  not 
influenced  by  ascorbic  acid  in  hens  fed  practical  diets  under  conditions  of 
nigh  or  normal  environmental  temperature,  pepper  et.  al.  (1961)  and  Harms 
and  TJaldron  (1961)  reported  that  supplemental  ascorbic  acid  did  not  signifi- 
cantly alter  egg   production  nor  shell  thickness.  Recently  Hunt  and  Aitken 
(1962)  and  Arscott  et.  al.  (1962)  also  nave  reported  that  ascorbic  acid  did 
not  improve  egg  shell  quality 

The  levels  of  vitamin  A  in  the  ration  may  affect  the  egg  quality. 
Bearse  (1955)  stated  that  suboptimal  levels  of  vitamin  A  caused  more  blood 
spots  and  above  optimal  levels  caused  less  blood  spots  in  eggs  than  the 
M.R.C.  recommendation  for  this  vitamin.  Later,  Bearse  (I960)  reported  that 
one  of  the  abnormalities  associated  with  vitamin  A  deficiency  in  hens  was 
the  production  of  eggs  with  a  high  incidence  of  blood  spotting  of  the  yolk. 
Donovan  et.  al.  (1961)  showed  the  percent  of  eggs  containing  meat  and  blood 
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spots  was  significantly  greater  and  yolk  color  was  significantly  lighter  for 
the  groups  on  the  highest  vitamin  A  level  (110,000  I.U.)  compared  to  the 
groups  on  the  lower  levels  (0,  10,000).  Pope  et.  al.  (1961)  also  had  similar 
results  to  those  of  Donovan  et.  al. 

Cottonseed  and  its  by-products  used  in  laying  rations  are  implicated  in 
the  discoloration  of  eggs  in  two  ways*  (1)  gossypol  produces  olive  or  choc- 
olate-brown yolks  described  by  Schaible,  Moore  and  Moore  (1934)  and  Swensen, 
Fieger  and  Upp  (1942),  and  (2)  salmon  colored  yolks  and  pink  whites  are  asso- 
ciated with  cottonseed  meal  feeding  as  reported  by  Sherwood  (1928,  1931). 

Discoloration  of  egg  albumen  with  the  feeding  of  cottonseed  meal  to  hens 
has  been  thought  to  be  due  to  the  passage  of  iron  from  the  yolk  into  the 
white,  followed  by  a  reaction  with  conalbumcn  causing  a  pink  discoloration 
of  the  albumen.  Passage  of  conalbumcn  into  the  yolk  also  appears  to  cause 
the  salmon  yolk  color  (Schaible  and  Bandemer,  1946a  &  b).-  Evans  et.  al. 
(1957)  reported  on  the  occurence  of  pink  whites  and  salmon  yolks  with  the 
feeding  of  crude  cottonseed  oil  or  cottonseed  meal  and  found  the  pink  white 
factor  to  be  heat  labile.  Hasson  et.  al.  (1957)  showed  that  the  feeding,  of 
sterculic  acid  caused  pink  whites  and  salmon  yolks  in  the  stored  eggs.  The 
dark  discolorations  caused  by  gossypol  and  appearing  in  the  yolks  of  stored 
eggs  from  layers  fed  cottonseed  meal  accompanies  an  increase  in  the  pH  of 
the  yolks.  This  increase  in  pH  is  enhanced  by  another  component  of  cotton- 
seed meal,  Halphenic  acid,  which  also  causes  pink  white  and  salmon  colored 
yolks  (Keamerer  et.  al.,  I960;  Frampton  et.  al.,  1961).  Heywang  et.  al. 
(1962)  found  that  oil  dipping  apparently  prevented  the  formation  of  dark 
yolk  discolorations  when  the  dietary  level  of  free  gossypol  was  less  than 
0.CCS£.  Oil  spraying  was  effective  at  the  0.001  and  0.002£  level  of  free 
gossypol  when  the  storage  temperature  was  35°  F.  but  not  when  it  was  50-55°  F. 
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There  is  a  further  reason  for  hesitation  about  feeding  cottonseed  meal 
to  laying  hens  because  it  is  not  always  clear  whetrier  the  discolorations  of 
eggs  are  due  to  gossypol.  There  is  the  possibility  that  minor  constituents 
other  than  gossypol  may  be  involved  in  some  effects  currently  attributed  to 
gossypol.  Tne  level  of  gossypol  content  in  the  conttonseed  neal  should  be 
less  than  0.004£.  -ggs  from  cottonseed  meal  fed  hens  should  be  marketed  as 
quickly  as  possible. 

It  has  long  been  known  that  the  color  intensity  of  egg  yolks  can  be 
rapidly  changed  when  the  hens  consume  graded  levels  of  different  pigments. 
This  is  of  value  due  to  the  variations  in  the  color  of  the  yolk  required  by 
consumers  or  for  other  purposes.  Alfalfa  meal  and  corn  are  rich  in  xantho- 
phyll  which  will  affect  tne  intensity  of  yolk  color.  Additional  interest  by 
egg  breakers  in  more  intensely  pigmented  yolks  has  stimulated  research  with 
other  pigments  in  the  ration  such  as  xantnophyll  and  synthetic  carotenoid. 

Tarver  (1961)  found  xanthophyll  oil  in  various  levels  increased  yolk 
color.  Farr  et.  al.  (1962)  compared  alfalfa  meal,  algae  meal,  B-apo-8'- 
carotenal  and  canthaxanthin.  They  found  that  when  B-apo-S'-carotenal  was 
used  as  a  pigmenting  agent,  a  .pleasing  yellow  yolk  color  was  produced.  This 
is  substantiated  by  earlier  workers  (Bunnell  and  Bauernfeind,  1958;  Marusich 
et.  al.,  I960). 

Flavor  is  one  of  the  important  factors  that  should  be  used  as  a  cri- 
terion by  the  consumer  for  evaluating  quality  of  eggs.  Normal  flavor  of 
eggs  may  vary  somewhat,  probably  because  of  individual  differences  between 
hens  or  dissimilarity  of  diets  which  the  flocks  receive.  Therefore,  when 
formulating  a  ration  one  should  be  careful  about  the  ingredients  which  are 
used  as  to  whetner  or  not  they  will  cause  off  flavors. 
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FACTOBS  AFFECTING  QUALITY  OF  STORED  EGGS 

The  interior  of  an  egg  is  at  its  maximum  at  the  time  it  is  laid.  This 
quality  can  not  be  improved,  as  deterioration  begins  immediately.  It  is 
necessary  to  maintain  the  egg's  quality  during  storage  as  near  as  possible 
the  level  it  was  when  first  laid.  There  are  many  factors  affecting  the 
quality  of  stored  eggs.  Temperature,  time,  and  humidity  are  the  most 
important  of  these. 

Temperature  and  Time 

It  is  a  general  observation  that  the  interior  quality  of  eggs  deter- 
iorates when  the  eggs  are  stored  in  unsuitable  temperature  and  extended 
periods  of  tine.  The  higher  the  temperature  and  the  longer  the  storage 
period,  the  greater  is  the  decrease  in  egg  quality.  Higher  temperature  in- 
creases evaporation;  thus,  the  higher  temperature  results  in  lower  candled 
quality  and  lower  albumen  quality.  Low  temperature  aids  in  the  retention 
of  quality. 

V/ilhelm  and  Heiman  (1938)  studied  the  effect  of  temperatures  of  30°, 
50  ,  70  ,  and  90°  F.  on  eggs  stored  at  from  3  hours  to  192  days  using  the 
change  in  albumen  index  as  a  criterion.  They  found  the  quality  losses  for 
some  of  the  longer  storage  periods  closely  approached  each  otner,  but  there 
was  decided  difference  in  initial  quality  which  was  still  apparent  upon 
breaicing.  The  storage  temperature  of  30°  F.  retarded  albumen  index  loss 
markedly  after  a  30^  loss  nad  occured.  The  higher  temperatures  were  in- 
creasingly less  desirable  for  holding  eggs.  Van  Wagenen,  Hall  and  Altman 
(1939)  reported  quality  changes  which  occured  in  eggs  held  at  35°  450 
55°,   65°,  and  S0°  F.  They  concluded  that  45°  F.  was  the  most  desirable 
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temperature  for  holding  eggs  on  the  farm.  Evans  and  Carver  (1942)  found  that 
a  low  temperature  of  40°  F.  gave  better  results  than  one  of  56°  F.  for  holding 
eggs  under  farm  conditions.  Bennion  and  Price  (1940)  also  reported  that  a 
temperature  between  40°  and  65°  F.  was  desirable  for  holding  eggs. 

Funk  (1944)  showed  that  thick  albumen  was  converted  to  thin  albumen 
very  slowly  at  temperatures  of  30°  and  50°  F.,  but  quite  rapidly  at  temper- 
atures of  80°  and  100°  F.  Jensen  and  Stadelman  (1951)  found  that  eggs  re- 
frigerated at  30°  to  32°  F.  for  more  than  a  week  had  essentially  the  same 
quality  as  when  they  were  placed  in  storage.  They  also  found  that  there  was 
a  rapid  decline  in  quality  during  the  normal  marketing  procedure  with  this 
decline  being  closely  associated  with  the  temperature  of  egg  holding  rooms. 
Dawson  and  Hall  (1954)  reported  quality  of  albumen  held  at  75°  F.  continued 
to  decline  rapidly  through  14  days  of  holding.  Differences  were  small  in 
quality  of  eggs  held  at  32°  and  45°  F.  The  albumen  quality  score  of  newly 
laid  eggs  averaged  2.5  (U.S.D.A.  Score).  During  holding,  the  quality  de- 
clined to  an  average  Grade  A  (Score  of  5.0)  in  7  days  at  75°  F.,  in  14  days 
at  60°  F.,  or  21  days  at  45°  F.  Eggs  held  at  32°  F.  still  had  an  albumen 
score  of  4.0  after  21  days.  They  found  temperature  of  60°  F.  or  lower  to 
be  practical  for  normal  farm  holding  of  eggs. 

Fry  and  Newell  (1957)  found  that  eggs  stored  at  60°  F.  for  one  day 
were  lower  in  quality  than  those  stored  for  7  days  at  30°  F.  and  eggs  stored 
at  90  F.  for  one  day  were  lower  in  quality  than  those  stored. at  60°  p.  for 
7  days.  After  an  initial  loss  of  tliree  Haugh  units  the  first  two  days  of 
storage,  eggs  stored  at  30°  F.  maintained  approximately  the  same  quality 
throughout  the  test.  The  initial  drop  in  quality  was  the  greatest  regard- 
less of  the  temperature.  At  all  three  temperatures  the  decrease  in  Haugh 
units  for  the  first  48  hours  of  storage  was  significantly  greater  than  the 
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decrease  for  any  succeeding  42  hour  period.  They  concluded  eggs  stored  at 
a  temperature  below  60°  F.  to  be  desirable  for  farm  holding  of  eggs.  Longer 
storage  required  maintenance  of  temperatures  at  30°  F.  for  high  egg  quality. 
L'eehan  et.  al.  (I960)  reported  storage  of  eggs  at  34°  and  55°  F.  for  8  to 
21  months  had  only  slight  effects  on  egg  white  performance  quality  (as  mea- 
sured by  foaming  power  and  angel  food  cake  quality,  but  storage  at  75°  to 
95°  F.  resulted  in  markedly  decreased  angel  food  cake  volumes  while  storage 
at  95°  F.  also  adversely  affected  the  foaming  power  of  the  white. 

A  temperature  not  over  60°  F.  for  normal  farm  holding  of  eggs  is  agreed 
upon  by  all  workers.  Holding  conditions  under  60°  F.  are  necessary  to  re- 
tard the  loss  of  egg  quality.  The  lower  the  temperature,  the  higher  egg 
equality  will  be  maintained.  The  55°  F.  temperature  is  commonly  used  in  com- 
mercial storage  of  eggs  and  farm  holding  of  eggs  as  short- time  storage.  The 
30°  F.  temperature  is  used  only  for  long-time  storage.  However,  such  storage 
is  not  cojnaon  now  except  in  times  of  surpluses  of  eggs. 

Humidity 

The  effect  of  humidity  on  eggs  is  dependent  on  the  accompanying  temper- 
ature. High  temperatures  cause  more  rapid  evaporation  than  low  temperatures. 
Humidity  is  also  a  factor  in  preventing  evaporation  of  moisture  from  eggs. 
It  prevents  loss  of  weight  of  the  egg  and  also  prevents  loss  in  grade. 
Therefore,  proper  humidity  in  the  egg-holding  room  is  desirable  to  prevent 
loss  of  moisture  which  causes  increased  air  cell  size. 

Investigations  show  conclusively  that  low  temperatures  are  necessary 
for  maintaining  the  interior  quality ^of  stored  eggs  (Romanoff  and  Romanoff, 
1949;  Van  Y.'agenen,  Hall  and  Altman,  1939;  Henderson  and  Lorenz,  1951;  Daw- 
son and  Hall,  1954;  Fry  and  Newell,  1957).  Investigations  also  show  that 
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high  humidities  are  necessary  for  minimising  evaporation  (Van  T,7agenen,  Hall 
and  Altman,  1939;  Jeffrey  and  Darago,  1940;  Evans  and  Carver,  1942).  Kors- 
lund  et.  al.  (1957)  found  that  the  quality  of  eggs  stored  at  30#  relative 
humidity  was  significantly  lower  than  that  of  eggs  held  at  90£  relative  hu- 
midity. Vondell  (1961)  reported  that  holding  eggs  for  7  days  at  5C$  and 
80$  relative  humidity  at  55°  P.  showed  no  grade  loss  in  air  cell  depth  or 
Haugh  units,  but  the  loss  in  weight  was  2.5  to  3  ounces  per  case  of  30  dozen 
eggs  at  5%  relative  humidity.  Schwall  et.  al.  (1961)  showed  low  relative 
humidity  increased  the  weight  loss  in  untreated  eggs  but  did  not  signifi- 
cantly affect  eggs  that  were  oil  treated. 

It  is  generally  agreed  that  humidity  does  not  affect  albumen  quality. 
Jeffrey  and  Darago  (1940)  reported  the  interior  egg  quality  expressed  by 
height  of  thick  albumen  was  not  affected  by  relative  humidity  of  the  hold- 
ing room.  Punk  (1944)  showed  humidity  to  nave  but  little  influence  on  the 
deterioration  of  the  albumen  or  yolk.  Evans  and  Carver  (1942)  also  found 
that  the  humidity  appeared  to  have  little  or  no  effect  on  the  albumen  in- 
dex at  temperatures  of  40°  or  56°  F.  Korslund  et.  al.  (1957)  agreed  with 
other  workers  that  the  relative  humidity  of  the  storage  area  had  no  econo- 
mically significant  effect  on  albumen  quality  as  expressed  in  Haugh  units.. 
::ueller  (1956)  reported  that  storage  at  12°  and  37.5°  C.  and  a  relative 
humidity  ranging  from  C#  to  10C£>'  had,  except  for  100$  relative  humidity, 
no  effect  on  Haugh  unit  score,  yolk  height  and  carbon  dioxide  content  of 
the  albumen.  2ggs  which  were  kept  at  100$  relative  humidity  had  moist 
shells  and  their  Haugh  unit  scores  as  well  as  the  carbon  dioxide  content 
of  their  albumen  were  significantly  higher  (0.01  level)  than  the  respective 
measurements  of  eggs  kept  at  lower  humidities.  It  seemed  probable  that  the 
negative  correlation  betvieen  water-loss  and  Haugh  unit  score  was  due  to  the 
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positive  correlation  between  carbon  dioxide-loss  and  water-loss.  The  limited 
solubility  of  carbon  dioxide  in  water  was  proposed  as  an  explanation  for 
higher  Haugh  unit  score  and  higher  carbon  dio:cide  content  of  eggs  at  100£ 
relative  humidity. 

High  humidity  in  the  egg  holding  room  is  desirable  to  prevent  loss  of 
moisture  which  causes  increased  air  cell  siae.  If  temperatures  are  below 
50°  F.  a  relative  humidity  of  60Jo  appears  satisfactory.  With  a  temperature 
of  50°  to  60°  F.,  the  humidity  should  be  about  70;S.  At  a  temperature  of 
60°  to  ?'0°  F.,  the  humidity  should  be  about  S0£.  A  low  temperature  is 
probably  more  important  than  high  humidity.  However,  temperatures  from 
50°  to  60°  F.  and  relative  humidity  from  70  to  80^  are  commonly  used  in 
holding  eggs  in  farm  and  market  channel  storage. 

Atmosphere 

It  has  been  reported  by  Atwood  and  YIeakley  (1924)  as  well  as  by  Smith 
(1931)  that  infertile  chicken  eggs  lose  CO2  during  storage.  According  to 
Smith  (1931)  the  CC2  loss  of  individual  eggs  may  begin  at  a  rate  of  9.0 
mg.  per  day  and  gradually  drop  to  0.1  to  0.2  mg.  per  day,  at  which  level  it 
may  continue  for  100  days  or  more.  He  also  found  that  the  rate  of  CO2  l°ss 
depends  on  the  temperature. 

The  CO2  content  of  fresh  eggs  has  been  determined  by  I'athien  and  urbain 
(1903)  and  Straub  and  Donak  (1934).  These  investigators  found  that  the  albu- 
men of  fresh  eggs  contained  approximately  55  mg.  CO2  and  that  there  was  no 
C02  in  the  yolk. 

The  relationship  between  the  rise  in  pH  of  the  albumen  and  albumen 
liquif action  was  reported  by  Sharp  (1929).  This  rise  is  caused  by  release 
of  CO2  from  the  egg.  He  found  that  this  could  be  prevented  by  holding  eggs 
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in  an  atmosphere  containing  higher  than  normal  concentrations  of  CO2  by  placing 
freshly  laid  eggs  in  a  CO2  tight  container  in  which  the  C02  content  of  the  eggs 
quickly  reaches  equilibrium  with  that  of  the  surrounding  atmosphere. 

Sharp  and  Stewart  (1931)  recommended  adding  C02  to  the  air  in  cold  stor- 
age rooms  to  aid  in  preserving  the  albumen  quality  by  keeping  a  low  pH.  YJil- 
helm  (1940)  reported  improved  albumen  indexes  of  eggs  stored  in  sealed  mason 
jars  with  a  vacuum  C0o  atmosphere.  Swanson  (1953)  found  that  the  thinning 
of  thick  white  was  retarded  by  maintaining  a  COo  atmosphere  around  the  eggs. 
Cotterill  (1955)  showed  that  the  natural  thinning  as  indicated  by  Haugh  units 
was  not  a  function  of  temperature  if  the  pH  was  maintained  near  its  initial 
value.  The  subsequent  thinning  of  white  under  normal  atmospheric  conditions 
was  retarded  after  the  eggs  were  exposed  to  a  CCL  treatment.  Cotterill  and 
Gardner  (1957)  reported  benefit  to  albumen  quality  by  pretreating  with  C02 
and  by  storage  in  sealed  containers  whereby  the  low  concentrations  of  CO2 
would  maintain  the  albumen  quality  of  eggs  stored  at  room  temperature  (75° 
to  SC°  ?.)  as  effectively  as  refrigeration  at  50°  F.  under  normal  atmos- 
pheric conditions.  Holding  shell  eggs  at  temperatures  higher  than  80°  F. 
required  much  higher  levels  of  COo  to  produce  the  same  effects. 

Swanson  (1953)  first  suggested  plastic  overwrapping  of  retail  egg  car- 
tons as  a  means  of  preserving  egg  quality.  He  reported  that  eggs  packaged 
with  overwraps  within  24  hours  of  laying  did  not  require  the  addition  of  CO2 
to  the  package  to  preserve  albumen  quality.  Later,  Fletcher  et.  al.  (1959) 
found  that  the  addition  of  CO2  to  Cryovac  packaged  eggs  resulted  in  lower 
scores  for  flavor  and  odor. 

However,  the  addition  of  C02  in  the  storage  room  or  in  the  package  is 
very  seldom  commercially  used.  Oiling  and  plastic  overwraps  replace  it. 
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Shell  Treatment 

Oiling  is  the  most  widely  used  process  for  shell  treatment.  The  purpose 
of  oiling  is  to  retain  the  original  C02  within  the  shell  which  helps  to  keep 
the  albumen  firm,  prevents  the  absorption  of  odors  and  flavors,  and  slow3 
down  the  evaporation  from  the  egg  during  storage  or  other  holding  that  would 
cause  enlargement  of  the  air  cell. 

As  early  as  1807,  Dutch  farmers  used  linseed  oil  to  preserve  eggs  (Spa- 
mer,  1931).  Evans  and  Carver  (1942)  found  that  the  oiling  of  stored  eggs 
held  quality  better  and  prolonged  the  keeping  quality  of  eggs  for  all  the 
storage  periods  tested.  This  has  been  substantiated  by  many  workers  (Lorenz, 
1949;  Korsland  et.  al.,  195-7;  Swanson,  1958).  Schwall  et.  al.  (1961)  found 
that  untreated  eggs  lost  significantly  more  interior  quality  and  weight  than 
eggs  treated  by  oiling.  Oil  treating  maintained  Fresh  Fancy  or  Grade  AA 
interior  quality  for  21  days  or  longer  under  the  refrigerated  conditions  of 
this  study  vrtiile  the  majority  of  the  untreated  eggs  dropped  to  Grade  a  after 
three  days  of  storage.  Goodwin  et.  al.  (1962)  also  reported  untreated  eggs 
lost  significantly  more  Haugh  units  than  the  oil  treated  eggs.  Oiling  re- 
tarded the  loss  of  CO2  and  maintained  albumen  condition  longer  than  untreated 
eggs. 

Grant  (1948)  stated  that  eggs  should  have  an  internal  temperature  of 
50°  to  70°  F.  at  the  time  of  oiling.  Koonz  and  Kauffman  (1950)  reported  that 
oil  penetration  was  greater  when  the  eggs  were  warm  and  least  when  the  temper- 
ature of  trie  egg  was  belov;  50°  F.  regardless  of  the  oil  temperature.  Meyer 
(1953)  found  that  the  pour  point  of  egg  processing  oil  should  be  several  de- 
grees above  the  average  storage  temperature  to  form  the  best  seal  during  stor- 
age. This  is  disagreed  with  by  Winter  and  Cotterill  (1949).  They  found  the 


45 


temperature  of  the  oil  did  not  have  any  special  effect  on  the  keeping  quality. 

Recently  oil  spraying  is  the  most  widely  used  process  for  shell  treat- 
ment. It  has  replaced  the  dipping  method  and  has  been  used  with  variable 
success.  Swanson  (1958)  in  reviewing  oiling  procedures,  pointed  out  that  the 
dipping  in  oil  was  found  to  have  some  shortcomings.  The  oil  constantly 
needed  sterilization,  otherwise  it  developed  a  bad  odor,-  sanitation  could 
not  be  maintained  properly,  and  a  little  negligence  caused  much  trouble. 
Therefore,  the  recent  method  of  oil  spraying  replaces  oil  dipping  for  it  does 
not  produce  any  such  problem  and  is  very  convenient  for  application.  Though 
the  oil-dipped  eggs  hold  quality  better  than  the  sprayed  eggs,  the  difference 
is  not  significant. 

Stadelman  and  Volson  (195S)  found  that  oil-dipped  eggs  had  better  Haugh 
units  and  less  weight  loss  than  spray-oiled  eggs.  Sauter  et.  al.  (1961) 
reported  that  oil  dipping  produced  the  best  results  in  maintaining  candled 
grade,  Haugh  unit  values,  reducing  weight  loss  and  maintaining  a  low  pH  in 
the  albumen.  The  oil  spraying  methods  produced  results  intermediate  between 
oil  dipping  and  untreated  controls,  but  were  almost  as  effective  as  oil  dip- 
ping when  eggs  with  good  quality  shells  were  used.  Schwall  et.  al.  (1961) 
observed  no  statistical  difference  between  spray  or  dip  methods  of  oil  treat- 
ing shell  eggs  as  a  means  of  avoiding  weight  loss  and  maintaining  high  albu- 
men condition. 

In  a  comparison  of  several  methods  of  oiling  Stadelman  and  Wilson  (1958) 
observed  that  an  aerosol  oil  spray  containing  a  small  amount  of  silicone  gave 
the  best  results  with  repect  to  quality  preservation  ,  ease  of  application 
and  oil  shine.  Hauler  and  StadeL:ian  (1961)  also  found  aerosol  treatment  con- 
taining }>%  silicone  maintained  albumen  conditions  more  effectively  than  aero- 
sol alone.  Greater  loss  in  weight  and  Haugh  units  were  shown  with  decreased 
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silicone  content  of  the  aerosol  sprays  used. 

Time  of  oiling  is  still  a  problem.  "Then  eggs  are  oil  treated  shortly 
after  laying,  problems  of  cloudy  whites,  excessive  increases  in  outer  thin 
white,  and  difficulty  of  peeling  hard  cooked  eggs  are  sometimes  encountered. 
A  series  of  experiments  have  been  conducted  to  determine  the  most  desirable 
time  to  oil  eggs  with  respect  to  oviposition  and  to  study  the  effects  of 
holding  temperature  before  or  after  oiling  on  these  problems. 

Evans  and  Carver  (1942)  found  that  eggs  oiled  within  five  to  seven  hours 
of  the  time  they  -were  laid  had  the  albumen  index  best  preserved  when  they  "were 
stored  for  three  months  at  32°  F.  Eggs  oiled  the  morning  after  they  were  laid 
were  intermediate  in  albumen  index  loss.  Eggs  oiled  as  soon  as  gathered  had 
the  greatest  increase  of  outer  liquid  albumen  and  decrease  of  firm  albumen. 
Eggs  oiled  the  day  after  gathering  were  superior  to  the  other  two  when  all 
criteria  were  considered.  They  recommended  that  oiling  of  eggs  be  done  5  to 
7  hours  after  laying  time.  These  recommendations  were  confirmed  by  such 
workers  as  Gibbons  (1950),  Grant  (1948),  Swenson  (1939),  Carlin  and  poth 
(1952)  and  Sauter  et.  al.  (1954),  all  of  whom  observed  similar  results  with 
the  same  oil  or  with  other  kinds  of  oil.  Stadleman  and  Wilson  (1958)  found 
that  oiling  of  shell  eggs  on  the  day  following  the  day  of  production  signi- 
ficantly improved  keeping  quality  during  a  two  week  storage  period  as  mea- 
sured by  weight  loss  or  albunen  quality  expressed  as  Haugh  units.  Goodwin 
et.  al.  (1962)  reported  time  of  oiling  following  lay  significantly  affected 
the  interior  appearance.  Oiling  one  hour  following  lay  was  statistically 
better  than  all  oiling  times  tested,  except  the  six  hour  treatment.  The  one 
hour  oiling  produced  higher  average  Kaugh  units  for  all  storage  times  than 
did  the  six  hour  oiling  treatment.  Oiling  resulted  in  lower  pH  values  with 
and  six  hours  oiling  treatments  having  the  lowest  pK  values.  Froning 
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and  Swan son  (1961)  found  when  oil  dipping  process  was  used  that  delaying  the 
treatment  8  to  12  hours  proved  beneficial.  At  a  storage  temperature  of  32°  F. 
cloudiness  scores  and  increases  in  percent  outer  thin  white  were  high  for  all 
oiling  treatments.  Delaying  the  treatment  had  no  effect.  At  this  lower  tem- 
perature even  the  unoiled  controls  had  a  high  incidence  of  cloudy  whites  and 
an  increase  in  outer  thin  white  equivalent  to  that  of  the  oil  truat^d  groups. 

The  desirable  time  of  oiling  thus  may  be  5  to  7  hours  or  later  after 
oviposition  dependent  upon  the  method  of  oil  application. 

Over wrapping 

Another  method  of  maintaining  a  low  pH  and  preventing  the  escape  of 
moisture  is  that  of  overwrapping  eggs.  Oil  processing  has  been  successful 
in  reducing  albumen  liquefaction,  but  undesirable  side  effects  have  been 
found.  Fletcher  et.  al.  (1959)  reported  that  oil  treated  eggs  picked  up 
foreign  flavors  readily  and  that  the  process  tends  to  lower  quality.  Swan- 
son  (1959)  found  that  these  oil  treated  eggs  did  not  peel  well  after  hard 
cooking . 

The  use  of  overwrapping  material  to  overwrap  cartons  of  eggs  to  main- 
tain quality  has  been  under  study  for  years.  The  plastic  films  on  egg  con- 
tainers effectively  maintain  albumen  quality  and  reduce  weight  loss.  There 
are  many  plastic  films  on  the  market  such  as  cellophane,  cryovac,  visten, 
polyethylene  and  others.  Among  tnem,  cellophane  and  polyethylene  are  widely 
used.  Cryovac  which  has  a  low  permeability  to  gases  and  water  vapor,  has 
proven  to  be  the  best  for  overwrapping  the  eggs  but  is  quite  expensive,  it 
almost  completely  prevents  evaporation  and  escape  of  C02  and  it  provides  the 
best  results.  Polyethylene  which  has  a  relatively  high  permeability  to  gases 
but  low  permeability  to  water  vapor,  is  equally  effective  in  preventing  evapor- 
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ation  but  allow s  escape  of  CQ2  to  the  extent  that  the  pH  will  rise. 

Packing  shell  eggs  in  air  tight  containers  as  per  Wilhelm  (1940)  or 
the  use  of  a  plastic  film  overwrap  on  egg  cartons,  according  to  pyke  (1945) 
and  Swanson  (1953),  was  reported  to  retard  thinning  of  the  thick. white 
for  a  period  of  7  to  10  days  at  temperatures  of  60°  to  80°   F.  by  maintaining 
a  C02  atmosphere  around  trie  eggs,  orr  and  Snyder  (1959)  reported  that  eggs 
stored  in  cryovac  bags  maintained  consistently  higher  Haugh  unit  values 
than  oiled  eggs  as  was  found  also  in  the  study  reported  by  Fletcher  et.  al. 
(1959).  Davis  and  Brunson  (1961)  found  oiled  eggs  were  superior  to  all 
others  with  one  exception,  ie.,  wrapped  eggs  held  at  55°  F.  compared  with 
oiled  eggs. 

Davis  (1959)  and  Gardner  et.  al.  (1961)  found  the  overwrapped  eggs  were 
significantly  superior  to  unwrapped  eggs.  Cryovac  was  superior  to  polyethy- 
lene. The  unwrapped  eggs  made  a  rapid  assent  in  pH  and  remained  at  a  rela- 
tively high  level.  The  cryovac  wrapped  eggs  increased  slowly  in  pH  and  at 
a  rather  constant  rate.  The  polyethylene  wrapped  eggs  were  intermediate. 
Davis  and  Beelcler  (I960,  1962)  reported  that  cryovac  wrapped  eggs  were  sig- 
nificantly superior  to  polyethylene.  Cryovac,  having  the  least  permeability 
to  moisture  and  CO^,  was  preventing  evaporation  and  maintaining  low  albumen 
pH  and  high  albumen  scores. 

RELATIONSHIP  OF  QUALITY  TO  CONSUMER  PREFERENCES  AND 

P^R  CAPITA  CONSUMPTION  LEVELS  OF  EGGS 

Consumers'  tastes  and  preferences  of  eggs  are  influenced  by  many  forces. 
Individual  differences,  traditions  and  personal  experiences  of  the  consumers 
themselves  may  result  in  considerable  variation  in  preferences.  For  years 
researchers  have  studied  consumer  differences  with  respect  to  the  attributes 
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they  use  to  evaluate  eggs.  According  to  the  report  of  Banks  and  Voss  (1962) 
they  found  that  Grade  A  eggs  were  preferred  over  Grade  B,  but  Grade  B  eggs 
were  completely  satisfactory  to  more  than  5C#  of  the  respondents.  All  socio- 
economic groups  preferred  Grade  A  eggs  over  Grade  B.  Classifying  households 
on  the  basis  of  comments  about  the  stand-up  characteristics  of  the  eggs  indi- 
cated that  1%   of  the  respondents  did  not  differentiate  between  Grade  A  and 
Grade  B  eggs.  This  indicates  that  consumers  had  similar  preferences  for 
albumen  quality  of  eggs. 

Eggs  with  medium  orange  colored  yolks  were  preferred  over  eggs  with 
light  lemon  colored  yolks.  Approximately  U5%   of  the  respondents  preferred 
medium  orange  colored  yolks.  The  other  5%  were  divided  equally  between 
those  who  preferred  darker  and  those  who  preferred  lighter  yolk  colors,  yolk 
preference  and  grade  preference  had  approximately  the  same . influence  on  con- 
sumers' evaluation  of  eggs.  The  results  indicate  that  these  consumers  had 
opposing  preferences  for  egg  yolk  colors.  This  report  shows  that  albumen 
quality  and  yolk  color  are  both  more  important  than  uniformity  of  the  at- 
tribute itself,  and  other  attributes.  However,  uniformity  within  a  dozen 
eggs  is  an  important  consideration. 

Over  the  past  decade,  per  capita  egg  consumption  in  the  U.S.A.  has 
declined  Y]%   despite  a  significant  rise  in  consumer  purchasing  power  and 
sharp  decreases  in  the  real  price  consumers  paid.  In  1961,  there  were  only 
326  eggs  consumed  per  capita  compared  with  392  eggs  in  1951.  The  number  of 
shell  eggs  consumed  per  person  dropped  to  295  in  1961  from  365  in  1951.  Most 
of  the  loss  in  per  capita  consumption  has  occurred  as  a  result  of  a  drop  in 
the  use  of  eggs  in  consumers'  breakfasts  (U.S.D.A.,  1962).  People  are  eating 
smaller  breakfasts  that  include  fewer  eggs  or  exclude  eggs  entirely  according 
to  a  1953  survey  conducted  by  U.S.D.A.  The  other  reason  is  that  of  health 
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reasons,  "ggs  contain  more  cholesterol  than  other  foods  in  the  human  diet. 
Reports  have  shown  that  high  levels  of  cholesterol  in  the  body  may  cause 
heart  diseases;  however,  there  is  little  evidence  that  the  cholesterol  level 
of  the  diet  has  any  appreciable  effect  on  blood  cholesterol.  Besides  these 
reasons,  egg  quality  and  the  consumer's  preferences  are  important.  Consumers 
do  not  like  low  quality  eggs  nor  defects  such  as  blood  and  meat  spots,  large 
chalazae,  mottled  yolks,  and  off  flavored  eggs.  Therefore,  maintaining  a 
high  quality  egg  which  satisfies  the  consumers «  preferences  may  be  a  means 
of  increasing  or  maintaining  egg  consumption. 

SUffliAHT 

A  hen's  egg  is  one  of  the  most  perfect  nutritive  foods,  containing  all 
the  essentials  necessary  for  the  growth  and  development  of  the  body.  Eggs, 
which  are  liked  by  most  people,  have  long  held  an  important  place  in  human 
diets  but  they  are  also  among  the  most  delicate  and  perishable  food  products 
and  are  subject  to  rapid  deterioration  and  are  easily  affected  by  unfavorable 
surroundings . 

The  quality  of  an  egg   is  very  unstable  and  it  changes  as  it  proceeds 
from  the  finest  when  first  laid,  toward  an  inedible  condition,  under  the 
influence  of  various  factors  of  which  temperature,  humidity  and  time  are 
the  most  important.  Other  factors  contributing  to  the  rate  of  quality  de- 
terioration include  management  and  handling  practices.  The  initial  quality 
of  the  egg   is  also  influenced  by  many  factors,  but  these  initial  factors  can 
be  controlled  or  improved  by  good  management,  good  breeding  and  good  nutri- 
tion of  the  fowl. 

To  maintain  a  high  quality  egg  is  a  very  essential  part  of  marketing. 
The  demand  for  high  quality  eggs  is  growing  and  is  likely  to  continue  to 
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grow  for  some  time  to  cone.  Because  consumers  are  discriminating  against 
poor  quality  eggs  and  are  willing  to  pay  well  for  the  assurance  of  being  able 
to  secure  a  particular  grade  or  quality  of  eggs  it  is,  therefore,  important 
that  the  eggs  are  handled  so  as  to  reach  the  consumer  avith  the  least  possible 
loss  of  their  original  quality. 

To  meet  the  requirements  of  consumers,  recommended  practices  for  the 
production  and  care  of  high  quality  market  eggs  should  be  as  follows; 

1.  Good  breeding:  High  egg  quality  starts  with  good  breeding. 

2.  Good  nutrition;  A  balanced  ration  is  essential  for  high  production 
of  eggs  of  good  quality. 

3.  Good  i.ianagement:  Keep  litter  dry,  nests  clean,  and  provide  an  abun- 
dant supply  of  water. 

k.   Frequent  gathering  of  eggs;  Eggs  should  be  gathered  at  least  three 
or  four  times  per  day. 

5.  Proper  cleaning;  Dirty  eggs  should  be  properly  cleaned.  Eggs  must 
be  quickly  dried  after  cleaning  to  best  conserve  quality. 

6.  F.apid  cooling;  Eggs  should  be  cooled  as  soon  as  they  are  laid.  The 
best  temperature  for  holding  market  eggs  on  the  farm  is  from  50°  to  60°  F. 
with  a  holding  room  relative  humidity  of  70  to  80^. 

7.  Frequent  marketing;  Twice  a  week  marketing  or  often er  is  essential 
to  shorten  the  period  between  production  and  consumption. 
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A  hen's  egg  is  one  of  the  most  perfect  nutritive  foods,  containing 
all  the  essentials  necessary  for  the  growth  and  development  of  the  body. 
llature  has  so  completely  balanced  the  food  nutrients  in  the  egg  that  it 
is  an  almost  perfect  and  an  economical  food  for  man. 

The  quality  of  eggs  is  unstable.  They  are  among  the  most  delicate 
and  perishable  food  products,  are  subject  to  rapid  deterioration  and  are 
easily  affected  by  unfavorable  surroundings  if  not  handled  properly. 

Factors  affecting  the  initial  quality  of  an  egg  are; 

1.  Breeds:  High  egg  quality  starts  with  good  breeding.  Important 
egg  quality  factors  such  as  egg  weight,  shell  texture,  shell  thickness, 
shell  color  and  albumen  height  are  inherited. 

2.  Hation:  Unbalanced  rations  or  unfavorable  ingredients  will  affect 
egg  quality.  With  a  lack  of  calcium  in  the  diet,  soft  or  thin  shelled 
eggs  are  obtained.  Feeding  a  high  level  of  cottonseed  meal  to  laying  hens 
will  cause  discolorations  of  eggs  because  of  gossypol.  Alfalfa  meal  and 
corn  will  affect  the  intensity  of  yolk  color  for  they  are  rich  in  xantho- 

phyll. 

3.  Disease:  Most  outbreaks  of  disease  or  any  major  flock  disturbance 
will  iniluence  egg  quality.  The  most  common  diseases  affecting  egg  quality 
are  Newcastle  disease  and  infectious  bronchitis. 

4.  Drugs:  Presently  several  medications  can  be  added  to  the  laying 
hen  rations  in  order  to  prevent  or  eliminate  diseases.  These  include  such 
products  as  nicarbazin,  piperazine,  sulfanilamide  and  others.  Some  of  these 
have  affected  egg  quality.  Micarbazin  is  one  of  the  most  serious.  It 
causes  shell  depigmentation,  yolk  mottling  and  decreased  egg  size  if  in- 
cluded in  the  diet  of  laying  hens. 

5.  Seasons;  Egg  quality  is  affected  by  seasons  and  especially  by 


summer  temperature.  High  environmental  temperatures  reduce  the  thickness 
01  the  chicken's  egg  shell.  Egg  weight,  egg  size  and  albumen  quality  are 
also  influenced  by  seasons. 

6.  Age:  As  birds  grot;  older  they  lay  larger  eggs,  their  shells  become 
thinner,  and  albumen  quality  declines. 

7.  Management:  Management  is  very  important  in  poultry  production. 

If  it  is  not  done  in  the  proper  way,  it  not  only  will  affect  the  quality  of 
eggs  but  also  a  great  loss  will  be  encountered  from  the  standpoint  of  low- 
ered production. 

The  factors  affecting  quality  of  stored  eggs  are; 

1.  Temperature  and  time:  The  higher  the  temperature  and  the  longer  the 
storage  period,  the  greater  is  the  decrease  in  egg  quality  because  higher 
temperature  increases  evaporation  and  gaseous  losses.  The  55°  F.  tempera- 
ture is  commonly  used  in  short-time  commercial  egg  storage  or  farm  holding 

of  eggs. 

2.  Humidity:  Humidity  is  an  important  factor  in  preventing  evapora- 
tion of  moisture  from  eggs.  Thus,  it  prevents  loss  of  egg  weight  and  it 
also  prevents  reduction  in  grade. 

3.  Atmosphere:  Addition  of  CC2  in  the  storage  room  or  in  the  package 
is  done  or  could  be  done  in  order  to  preserve  the  albumen  quality  by  keeping 
a  low  pH.  It  is  seldom  used  commercially. 

k.   Shell  treatment:  The  purpose  of  oiling  is  to  retain  the  original 
C02  within  the  shell  which  helps  to  keep  the  albumen  firm  and  to  slowdown 
the  evaporation  from  the  egg  during  storage. 

5.  Cverwrapping:  Another  method  of  maintaining  a  low  pH  and  preventing 
the  escape  of  moisture  is  that  of  overwrapping  eggs  with  cellophane  or  plastic 
films.  Shell  treatment  is,  however,  more  practical  from  a  labor-cost  standpoint, 


